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Art.  L — On  the  Suspension  and  Sedimentation  of  Clays;  by 
Wm.  H.  Brewer. 

In  a  paper  read  before  the  National  Academy  of  Sciences  in 
1883,  and  since  published,*  I  have  considered  some  of  the  gen- 
eral phenomena  of  sedimentation  and  given  a  partial  account 
of  experiments  pertaining  to  the  subject.  Clays  and  the  mate- 
rials suspended  from  soils  and  from  pulverized  rocks  formed 
part  of  the  substances  experimented  on  and  discussed. 

The  continuation  of  the  experiments  then  in  progress  con- 
firms and  extends  the  conclusions  there  stated,  and  this  article 
with  a  succeeding  one  may  be  considered  as  a  review  and  con- 
tinuatioii  of  the  previous  paper,  so  far  as  it  specially  relates  to 
the  transportation  of  mud  in  natural  waters  and  the  formation 
of  bars  and  deltas.  In  this  paper  I  will  consider  the  behavior 
of  clays  toward  water,  as  shown  by  laboratory  experiments,  and 
in  the  next,  the  application  of  the  same  in  explanation  of  the 
natural  phenomena. 

Erosion  by  running  water,  the  transportation  of  suspended 
mud,  its  deposition,  the  formation  of  bars  in  rivers  or  at  their 
mouths,  the  growth  of  deltas,  the  distribution  of  silt  in  lakes 
and  harbors  and  on  the  floor  of  the  ocean  have  mostly  been 
discussed  from  the  mechanical  side  only.  The  chemical 
aspects  of  the  phenomena  have  usually  either  been  but  lightly 
considered  or  entirely  ignored. 

*  "  On  the  Subaidenoe  of  Particles  in  Liquids ;"  Memoirs  of  the  Nat.  Acad. 
8cL,  Yol.  ii. 
Am.  Jottb.  Sol— Thuu)  Sbbies,  Tol.  XXIX,  No.  169.— Jan.,  1885. 
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The  transportation  and  deposition  of  gravels  and  coarse 
sands  are  probably  in  accordance  with  well-known  hydraulic 
laws,  in  which  the  velocity  of  the  current,  the  specific  gravity, 
and  the  relative  weight  and  surface  of  the  transported  materiala 
are  the  only  factors  that  need  be  considered  in  any  practical 
discussion.  But  with  those  finer  particles  of  disintegrated 
rocks  which  are  ultra-microscopic  in  size  and  all  those  which 
though  still  coarser  are  small  enough  to  be  subject  to  those 
movements  in  liquids  known  as  the  "Brownian  motions,"  and 
with  the  true  clays  I  consider  that  chemical  conditions  rather 
than  mere  motion  of  the  water  are  the  controlling  factors. 

I  have  carried  on  a  long  series  of  experiments  on  the  sedi- 
mentation of  clays,  and  the  finer  portions  of  soils  and  pulver- 
ized rocks,  mostly  in  tall  precipitating  flasks  in  which  the 
materials  were  first  agitated  with  the  respective  liquids  and 
were  then  allowed  to  stand  at  rest  under  various  conditions  as 
to  light,  temperature,  etc. 

There  is  considerable  diflference  as  lo  details  in  the  behavior 
of  various  clays  in  water.  With  some  of  them,  if  agitated  and 
thoroughly  difi^used  through  the  liquid  and  then  allowed  to 
stand  at  rest,  the  turbidity  fades  gradually  and  regularly  in 
density  from  the  bottom  to  the  top,  and  the  liquid  gradually 
grows  clearer  until  it  becomes  as  clear  as  natural  waters  ever 
do.  Usually  however,  and  with  the  great  majority  of  clays  (if 
the  water  be  pure  enough),  the  deposition  is  in  quite  a  diflfer- 
ent  manner.  After  some  time,  it  may  be  in  a  few  hours  or  it 
may  be  bnly  after  some  days,  the  suspended  material  disposes 
itself  in  layers  or  strata  which  are  more  or  less  obvious  because 
of  the  different  degrees  of  turbidity  of  the  liquid.  There  may- 
be but  two  or  three  of  these  layers  to  be  seen  at  once  or  there 
may  be  six  or  eight,  the  number  depending  in  part  on  the  com- 
position and  fineness  of  the  material  under  experiment,  in  part 
on  the  freedom  of  the  water  from  other  dissolved  material  than 
the  clay  itself,  and  in  part  on  the  tempei-ature.  Some  of  these 
layers  may  be  and  usually  are  very  obvious,  others  obscure  and 
only  to  be  seen  in  the  best  light ;  some  are  very  sharply  de- 
fined, others  remain  ragged  and  ill  defined  along  the  line  of 
separation.  Some  which  may  be  obscure  at  one  temperature 
become  sharp  and  well-defined  if  the  temperature  be  slowly 
raised  or  lowered  a  few  degrees,  or  well-defined  strata  at  one 
temperature  become  first  hazy  and  then  disappear  at  a  higher 
or  lower  temperature.  Sometimes,  with  a  change  of  tempera- 
ture, what  was  before  one  uniform  stratum  will  slowly  resolve 
itself  into  several  obvious  strata,  which  remain  distinct  so  long 
as  the  temperature  is  right,  but  which  disappear  again  and 
become  homogeneous  at  another  temperature.  Thus,  some  sus- 
pended clays  may  be  induced  to  exhibit  a  much  larger  number 
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of  these  liquid  strata  in  the  aggregate  than  are  visible  at  any 
one  time. 

These  diflferent  strata,  having  unlike  degrees  of  opacity, 
settle  with  very  different  degrees  of  rapidity,  and  if  the  lemper- 
alare  be  kept  nearly  constant  and  the  vessel  entirely  at  rest, 
their  number  grows  less  and  less  from  the  more'rapid  settling 
of  the  lower  and  heavier.  The  lighter  ones  usually  settle  with 
extreme  slowness  often  but  a  millimeter  per  day,  some  even  less 
than  half  that,  and  consequently,  any  cause,  such  as  varying 
temperature,  which  sets  up  even  very  feeble  currents,  may  so 
retard  the  ultimate  clearing  as  to  indefinitely  prevent  it. 

If  the  vessel  be  kept  in  the  quiet  and  with  as  nearly  constant 
temperatare  as  is  possible,  the  liquid  finally  becomes  uniformly 
opalescent  throughout  This  opalescence  gradually  fades  for 
a  time,  from* the  subsidence  of  some  of  the  suspended  matter, 
and  if  the  water  contains  a  sufficient  amount  (which  may  be  a 
very  minute  proportion)  of  certain  salts  in  solution,  it  becomes 
practically  clear,  that  is,  clear  to  the  unaided  eye  in  ordinary 
daylight, — as  clear  as  the  clearest  natural  waters.  If,  however, 
the  water  be  free  from  dissolved  substances  (other  than  the 
clay  itself)  the  finding  of  the  opalescence  ceases  after  some  time,  * 
it  may  be  in  a  few  weeks  or  it  may  be  only  after  two  or  three 
years,  and  after  that  the  liquid  becomes  no  clearer  by  standing. 
The  degree  of  opalescence  may  and  often  does  vary  with  vary- 
ing temperature,  as  if  some  of  the  sediment  were  again  picked 
up,  or  as  if  a  portion  which  had  fallen  and  remained  as  a 
mobile  liquid  stratum  on  the  bottom  at  one  temperature  were 
again  raised  by  diffusion  at  another  temperature.  Certain  very 
ferruginous  clays  under  experiment,  the  later  suspensions  from 
which  are  amber-colored,  change  thus  very  decidedly  and  obvi- 
ously from  summer  to  winter  in  a  vessel  which  is  kept  in  the 
temperature  of  my  study.  In  pure  water  the  subsidence  is 
probably  never  complete.  Some  specimens  under  experiment, 
which  have  stood  more  than  seven  years  and  which  are  still 
obviously  opalescent,  have  not  become  sensibly  clearer  for  the 
last  four  years.  The  last  portion  of  this  time  they  have  rested 
on  a  shelf  fastened  to  a  heavy  wall  in  a  deep  cellar  and  further 
enclosed  in  a  closet,  in  which  changes  of  temperature  are  very 
slow,  and  jars  or  motion  practically  none. 

In  the  presence  of  mineral  acids  and  various  salts  (and 
numerous  substances  not  classed  as  salts  or  acids),  the  behavior 
of  suspended  clays  is  very  different.  If  a  small  quantity  of 
mineral  acid,  or  some  saline  substance  be  added  to  muddy 
water,  the  strata  described  are  either  not  formed  at  all,  or  are 
fewer  and  settle  more  quickly.  If  the  quantity  of  dissolved 
material  is  sufficient,  the  clay  curdles  or  flocculates  and  imme- 
diately falls  to  the  bottom.      If  now  the  clear  saline  (or  acid) 
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liquid  be  decanted  from  the  sediment,  an  equal  qaantity  of  dis- 
tilled water  be  added  and  the  mud  again  diffused  by  agitation, 
the  clay  again  allowed  to  settle,  the  liquid  again  decanted 
when  clear,  and  this  process  repeated  over  and  over,  the  salt- 
ness  (or  acidity  as  the  case  may  be)  of  the  liquid  growing  less 
with  each  dilution,  we  may  study  the  behavior  of  .the  same 
portion  of  clay  in  solutions  of  different  (and  known)  degrees  of 
strength,  and  by  repetition  with  the  same  clay  in  the  same 
vessel,  over  a  sufficiently  long  period  of  time,  we  may  imitate 
the  conditions  which  take  place  in  the  erosion  and  transporta- 
tion of  muds  by  rivers  and  their  ultimate  deposit  in  the  sea. 

From  such  experiments  we  may  say  in  a  general  way,  that 
the  more  saline  the  suspending  water,  the  more  rapid  the  sedi- 
mentation, but  the  rapidity  of  preciptation  is  not  directly  pro- 
portionate to  the  quantity  of  salts  dissolved.  Reducing  the 
saltness  one-half  does  not  double  the  time  of  precipitation,  and 
the  precipitation  is  comparatively  rapid  until  the  solution  is 
very  weak  indeed.  With  some  clays  the  precipitation  is  as 
complete  in  thirty  minutes  in  sea  water  as  in  thirty  months  in 
distilled  water.  This  completeness  of  precipitation  refers  to 
the  actual  clearing  of  the  liquid,  and  not  the  rate  of  deposition 
of  the  first  and  heavier  portions. 

The  experiments  are  more  striking  if  conducted  with  acids, 
they  acting  with  greater  intensity  than  salts.  The  successive 
phenomena  are  similar  in  character,  and  differ  only  in  degree, 
the  later  changes  are  more  rapid  and  the  final  suspension  is 
more  striking.  For  example,  if  we  begin  with  a  strong  solu- 
tion of  sulphuric,  nitric  and  chlorhydric  acids  mixed,  and  fol- 
low through  repeated  dilutions  as  above  described,  the  floccu- 
lation  and  precipitation  of  the  suspended  material  is  almost 
equally  rapid  for  several  successive  dilutions,  and  the  layers 
or  strata  only  appear  in  the  suspensions  when  the  proportion 
of  free  acid  becomes  minute,  and  with  this  the  precipitation 
becomes  very  much  slower.  Finally  (and  this  point  is  reached 
somewhat  suddenly)  the  behavior  is  as  in  distilled  water.  Many 
strata  are  formed  of  the  suspended  matter,  the  settling  of  all 
of  them  is  very  much  slower  and  complete  clearing  of  the 
liquid  is  indefinitely  postponed.  In  fact,  this  stratification  and 
long  suspensi(>n  of  clays  is  best  seen  in  specimens  that  have 
thus  undergone  treatment  with  acids  or  salts,  and  then  washed 
with  distilled  water  through  successive  dilutions. 

The  behavior  of  these  finer  suspensions  is  analogous  to  that 
of  a  colloid.  The  diffusion  through  water  is  like  that  of  a 
colloid,  and  when  the  finer  portions  are  evaporated  slowly  and 
at  low  temperatures,  they  are  at  first  very  bulky  and  colloidal 
in  appearance,  shrinking  enormously  on  drying  into  a  mass 
curiously  like  some  organic  colloids.    If  the  clay  is  not  strictly 
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colloidal,  it  is  indeed  very  like  it,  and  its  behavior  toward 
water  very  similar. 

The  continuation  of  the  experiments  since,  the  preparation 
of  the  paper  cited,  confirtns  the  conclusions  there  suggested, 
viz :  that  clays  probably  exist  as  a  series  of  hydrous  silicates, 
feebly  holding  different  proportions  of  water  in  combination  and 
having  different  properties,  so  far  as  their  behavior  to  water  is 
concerned.  That  some  of  them  swell  up  in  water  (much  as 
boiled  starch  does)  more  than  others  and  are  diffusible  in  it 
with  different  degrees  of  facility,  that  this  diffusion  is  in  part 
at  least,  analogous  to  that  of  colloids  in  water,  that  the  strata 
observed  in  the  suspension  represent  members  of  this  series  of 
chemical  compounds  which  hold  their  different  proportions  of 
combined  water  very  feebly  and  are  stable  under  a  very  limited 
range  of  conditions.  That  they  are  destroyed  or  changed  in 
the  presence  of  acids,  salts  and  various  other  compounds,  and 
that  they  are  stable  only  under  certain  conditions  of  tempera- 
ture, some  which  may  exist  at  one  temperature  being  changed 
to  others  or  destroyed  at  another  temperature. 

The  special  bearing  of  the  experiments  and  conclusions  on 
cenain  geological  phenomena,  especially  the  transportation  of 
suspended  mud  and  the  formation  of  bars  and  deltas,  will  be 
considered  in  another  paper.    .     . 


Art.  TL—On  a  method  of  illustrating  the  formation  of  Diffraction 
Bands ;  by  S.  T.  MoRBLAND. 

The  following  method  of  illustrating  the  formation  of  bright 
and  dark  bands  in  diffraction  phenomena  has  proved  very  sat- 
isfactory in  my  own  teachinjs:  and  I  give  it  with  the  hope  that 
others  may  find  it  useful.  The  method  is  shown  in  the  accom- 
panying figure,  which  hardly,  needs  any  explanation.  A  and 
b  represent  two  luminous  points  Erom  which  start  two  disturb- 
ances having  the  same  phase  and  the  same  wave-length.  DF 
and  EH  are  two  pieces  of  thin  board,  one  side  of  each  having 
the  form  of  a  simple  harmonic  curve.  DA  and  EB  are  two 
wires  or  cords  of  the  same  length.  By  moving  the  two  pieces 
of  board  in  the  plane  of  the  paper  with  the  curved  ed^es  in 
contact  and  the  wires  always  tight  we  readily  find  one  series  of 
points  as  d  and  g  where  crests  coincide  with  crests.  These  points 
correspond  to  bright  lines  in  diffraction.  We  also  find  another 
aeries  of  points,  one  between  each  two  of  those  just  mentioned 
as/,  where  crests  coincide  with  troughs,  and  hence  correspond 
to  dark  bands.  The  following  are  some  of  the  laws  of  diffrac- 
tion phenomena  that  may  be  proved,  or  at  least  illustrated,  by 
this  piece  of  apparatus : — 
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1.  The  distance  between  the  bands  increases  as  the  distance 
AB  diminishes.  This  is  shown  by  simply  varying  the  distance 
AB. 

2.  Other  things  being  the  same,  the  distance  between  the 
bands  is  greater  the  greater  the  wave-length  of  the  light  em- 
ployed. This  may  be  shown  by  having  another  pair  of  pieces 
representing  a  different  wave-Ungih.  We  may  also  infer  the 
eflrect  of  using  white  light 


8.  The  bright  points  are  so  situated  that  the  difference  of 
their  distances  from  the  two  centers  of  disiurbance  is  a  multiple 
of  the  wave-lengik ;  while  for  the  dark  points  these  differences 
are  multiples  o5E  half  the  wavelength.  Other  points  might  be 
mentioned  but  these  are  sufficient 

No  attempt  has  here  been  made  to  describe  methods  of  get- 
ting the  bands  themselves  by  using  light,  because  the  necessary 
directions  may  be  found  in  a  number  of  books.  Nor  have  I 
pointed  out  the  limitations  and  inaccuracies  in  the  method  of 
illustration.  These  will  readily  occur  to  any  one  using  it  So 
far  as  this  piece  of  apparatus  is  concerned  what  I  have  a^^sumed 
to  represent  a  bright  line  might  be  taken  for  the  dark  one  by 
making  only  a  slight  change  in  the  pieces  of  board. 
Lexington,  Va. 
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Art.  IIL — On  a  System  of  Rock  notation  for  Qeohgical 
diagrams ;  by  James  D.  Dana. 

In  geoloffical  diagrams  it  is  often  desirable  that  the  kinds  of 
rock  should  be  indicated  as  well  as  their  position.  The  follow- 
ing method  of  accomplishing  this  purpose  is  both  simple  and 
definite,  and  I  think  it  will  be  found  suited  to  general  adoption. 
I  have  been  led  to  the  subject  by  the  necessity  of  preparing 
many  diagrams  to  illustrate  an  account  of  my  recent  observa- 
tions on  the  stratigraphical  relations  of  the  Green  Mountain 
formations. 

In  selecting  the  symbols,  the  fact  that  a  sandstone  is  usually 
represented  by  a  dotted  surface  suggested  for  quartz  a  dot  ( •); 
and  another  fact,  that  a  slate  or  shale  is  indicated  by  parallel 
lining,  suggested  the  use  not  only  of  such  lining  for  shale  or 
slate,  but  further  of  a  short  line  like  a  hyphen  (-)  for  mica ;  of 
a  similar  line  three  times  as  long  ( — )  for  hydrous  mica  (damour- 
ite,  etc.),  hydromica  or  sericite  schist  being  intermediate  in 
aspect  between  a  slate  and  a  mica  schist. 

To  these  symbols,  I  add  a  cross  (+)  for  orthoclase  feldspar; 
a  cross  in  oblique  position  (X)  for  a  triclinic  feldspar  or  plagio- 
^lase;  and  the  same  cross  with  a  line  at  bottom  for  a  basic  feld- 
spar, andesite,  labradorite  or  anorthite,  when  it  is  desirable  to« 
recognize  the  distinction. 

The  other  more  common  of  the  essential  constituents  in 
rocks  are  hornblende,  augite,  hypersthene,  chrysolite  or  olivine, 
leucite  and  glass.  For  hornblende  an  n  is  used ;  for  augite,  u ; 
for  hypersthene  when  a  predominant  constituent,  y ;  for  olivine, 
v\  for  leucite,  /;  for  glass,  o. 

To  distinguish  thin  schistose  structure  or  slaty  bedding,  a 
rule  is  inserted  between  the  lines  of  symbols;  for  thick  schistose, 
gneiss-like,  a  rule  is  inserted  at  intervals  of  2  to  4  lines  of 
symbols ;  and  for  massive  structure  where  bedding  is  recog- 
nizable, a  rule  at  intervals  of  6  or  more  lines  of  symbols  or 
without  rulea 

No  attempt  is  made  to  distinguish  varieties  of  the  different 
rocks  dependent  on  accessory  ingredients,  as  this  would  make 
the  system  cumbrous  and  impracticable.  The  following  figures 
illustrate  the  method : 
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I.  Rocks  whose  essential  constituents  are  quartz,  mica,  orthoclase^ 
singly  or  in  combination. 


1.  Massive   quartzyte  (or    quartzose   sand- 
stone). 


t:*:*>:v'>>>t*>:»>>>  2,  Cons^lomerate. 

■••••••••■••■••A  O 

|::::::::::::::::::::S§H^  ^-  Thin-bedded  quartzyte  (or  sandstone). 

'iin-:':::::::"^  ^*  Micaceous  qaartzyte. 


^:Tt!^'|Sin!rKH^      ^'  Feldspathic  quartzyte. 

6.  Phyllyte  (argillyte). 

7.  Hydromica  schist. 


i^      8.  Quartzytic    or    arenaceous     hydromica. 
^^^^  schist. 


=  ;t--:t=:;  =  :t  =  ;;=:t 


z:t^:tz:xz:\z 


9.  Very  quartzytic  hydromica  schist. 

10.  Mica  schist  (with  little  or  no  feldspar). 

11.  Quartzytic  or  arenaceous  Mica  schist. 

12.  Very  quartzytic  Mica  schist. 

13.  Gneiss,  ihin-bedded. 


ii!=!!;in!nlH;!     14.  Gneiss,  thick-bedded. 


iiil 


i..i-.i  -.1.-.^  -.»>:» 

;:*;:!;:H:n':n:J      16.   Granite. 


1^ '*' * ' ^'.Z'.t'.l'.Zl'*  '.*'' 
riiiir:;ij::i:::i5:    16-  Granulite  (mica-less  granite). 


nu::::;:::;;::n     17.  Felsyte. 


!♦*♦♦♦♦♦ ♦♦♦♦♦♦♦♦♦♦♦I 


||g    18.  Quartz-felsyte. 
|::::n::;;:itn::ir:    19.  Trachyte. 

20.  Quartz-trachyte  :    same  as  19,  with  the  addition  of  the  dot 

for  quartz. 

21.  Gneissoid  mica  schist:  same  as  13  with  the  addition  of  a. 

rule  beneath  each  line  of  symbols. 
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IL  Homblendic  rocks^  containing  hornblende  ahne^  or  with  quartz 
or  orthoclase^  or  with  both. 


t;:H:i:::i?t:I      ^»  Syenyte. 

|:: ::::::::::::       2.  Quartz-syenyte. 


♦^^♦*'^**"-*"      3.  HornbleDde  schist. 


t^ri*!!^r."I'."-H^      ^'  Hornblende  schist  with  little  or  no  ortho- 

L^»^^»■^^"^H^•  ciase. 

6.  Hornblendyte  without  bedding :  the  symbol  n  without  al- 
ternate rules. 

6.  Syenyte  or  hornblende  gneiss:  same  as  2,  with  a  rule  at. 
intervals  of  2  to  4  lines  of  symbols. 


III.   Rocks  containing  a  triclinic  feldspar  {plagioclase)    wit/i 
homUende^  augite^  hyper sthene. 

t^:r:riHHH::      ^*  Dioryte. 


2.  Dioryte  schist. 

3.  Quartz-dioryte. 

4.  Hemidioryte    (niica-dioryte)    containing 

quartz. 

5.  Labradioryte  (labradorite  dioryte),  anor- 


|;HiH;HnH:  thite-dioryte 

£::::;;::;«:;«:      6.  Andesyte. 
E:::::::::::h;     7.  Augite-dioryte. 

E:^HH:i:^HH      ®'  -^^l^^y^^?  diabase,  gabbro. 

9.  Hemidioryte  without  quartz  (niica-dioryte) :  like  4  with  ther 
dot  omitted. 

10.  Augite-andesite :  like  6  with  u  in  place  of  n. 

11.  Noryte:   like  7  with  y  in  place  of  w. 

12.  Dacyte:  like  4  with  the  symbol  for  glass  added. 

13.  Basalt:  like  8  with  the  symbol  for  glass  added. 
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The  coarsely  crystallized  gabbro,  common  in  Archsean  re- 
gions, might  be  distinguished  in  symbol  from  doleryte  or  dia- 
base by  making  the  symbol  for  the  basic  feldspar  of  large  size  in 
proportion  to  the  other  letter.  The  typical  euphotide  of  the 
Alps,  etc.,  representing  one  section  of  gabbro,  is  a  different  rock 
in  constitution  in  not  containing  a  feldspar  as  a  characteristia 
constituent,  and  should  have  a  diflFerent  symbol.  Further,  the 
symbol  for  an  acidic  plagioclase  might  be  made  distinct  from  that 
for  plagioclase  in  general  by  adding  a  vertical  line  between 
:the  two  upper  bars  of  the  cross. 


rV.   Calcareous  rocks. 


T  '  I  '  1  '  T~^n      1.  Limestone. 


i     1     i     1 


' 'i;!;;!::  iihvi^V?!!^      ^'  Q^artzytic  or  arenaceous  limestone. 


3.  Argillaceous  limestone :  like  2,  with  a  line  in  place  of  the 
dots. 

The  above  are  examples  of  the  proposed  system  of  symbols. 
For  rocks  not  included  above,  other  symbols  in  accordance  with 
the  system  may  readily  be  devised,  where  the  science  requires 
them. 


Art.  IV. — The  Crystalline  Rocks  of  the  Scottish  Highlands  ;   by 
Archibald  Geikie. 

Ever  since  the  discovery  of  Silurian  fossils  in  the  rocks  of 
Northwest  Sutherland,  it  has  been  recognized  that  in  that 
region  lies  the  key  to  the  structure  of  the  Scottish  Highlands. 
Accordingly,  when  in  the  progress  of  the  Geological  Survey, 
the  mapping  of  the  Highlands  had  to  be  undertaken,  I  deter- 
termined  that  a  detailed  survey  of  the  Sutherland  ground  on 
the  scale  of  six  inches  to  the  mile  should  be  made  as  a  basis 
for  the  work.  In  the  summer  of  last  year  a  surveying  partv 
under  the  charge  of  Mr.  B.  N.  Peach  was  stationed  there,  with 
instructions  to  begin  by  mapping  the  Durness  Basin.  This 
duty  was  satisfactorily  accomplished  before  the  end  of  the 
season.  The  Silurian  series  of  Durness  was  ascertained  to  be 
about  2,000  feet  thick,  and  to  consist  of  numerous  successive 
zones,  which  were  traced  on  the  six-inch  maps  and  discrimin- 
ated in  such  a  way  as  to  be  recognizable  should  they  be  found  to 
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occur  in  the  more  complicated  region  to  the  east.  With  this  neces- 
43ary  groundwork  well  established,  the  Eriboll  tract  was  attacked 
this  summer  by  Messrs.  Peach  and  Home.  I  had  never  myself 
had  an  opportunity  of  studying  the  Eriboll  sections,  which, 
from  the  days  of  Macculloch  down  to  the  present  time,  have 
been  such  a  fruitful  subject  of  discussion.  It  was  a  special 
injunction  to  the  officers  now  intrusted  with  the  detailed  survey 
of  the  region  to  divest  themselves  of  any  prepossessions  iti 
favor  of  published  views  and  to  map  the  actual  facts  in  entire 
disregard  of  theory.  By  the  close  of  this  last  season  the  struc- 
ture of  the  Eriboll  area  had  likewise  been  traced  upon  the  six- 
inch  maps,  and  I  then  went  north  to  inspect  the  work.  From 
time  to  time  during  the  summer,  reports  had  been  ^lade  to  me 
of  the  progress  of  the  survey,  but,  though  from  the  published 
descriptions  of  the  tract,  I  was  aware  that  its  structure  must  be 
singularly  complicated,  and  although  apprised  of  the  conclu- 
sions to  which  the  surveyors,  step  by  step  and  almost  against 
their  will,  had  been  driven,  I  was  hardly  prepared  for  the 
extraordinary  geological  structure  which  the  ground  itself  pre- 
sented, or  for  the  great  change  necessitated  in  the  interpretation 
of  the  sections  as  given  by  Murchison. 

No  one  cursorily  visiting  the  ground  could  form  any  notion 
of  its  extraordinary  complication,  which  could  only  be  satisfac- 
torily unravelled  by  patient  detailed  mapping  such  as  had  never 
yet  been  bestowed  upon  it.  With  every  desire  to  follow  the 
interpretation  of  my  late  chief,  I  criticised  minutely  each  detail 
of  the  work  upon  the  ground;  but  I  found  the  evidence  alto- 
gether overwhelming  against  the  upward  succession  which 
Murchison  believed  to  exist  in  Eriboll  from  the  base  of  the 
Silurian  strata  into  an  upper  conformable  series  of  schists  and 
gneii«8es.  The  nature  of  this  evidence  will  be  best  understood 
from  the  subjoined  report,  which,  at  my  request,  Messrs.  Peach 
and  Home  have  prepared.  As  the  question  of  the  succession 
of  the  rocks  in  ihe  Northwest  Highlands  is  still  under  discussion, 
I  think  it  right  to  take  the  earliest  opportunity  of  making  this 
public  declaration.  It  would  require  more  space  than  can  be 
given  in  these  pages  to  do  justice  to  the  views  of  those 
geologists,  from  Nicol  downward,  by  whom  Murchison's  sec- 
tions have  been  criticised,  and  to  show  how  far  the  conclusions 
to  which  the  Geological  Survey  has  been  led,  have  been  antici- 
pated. When  the  official  memoirs  are  published,  full  reference 
will  be  given  to  the  work  of  previous  observers,  to  which,  there- 
fore, no  further  allusion  is  made  at  present 

The  most  remarkable  features  in  the  Eriboll  area  are  the 
prodigious  terrestrial  displacements,  to  which  there  is  certainly 
no  parallel  in  Britain.  Beginning  with  gentle  foldings  of  the 
rocks,  we  trace  these  becoming  increasingly  steeper  on  their 
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western  fronts,  until  they  are  disrupted  and  the  eastern  limb  is 
pushed  westward.  By  a  system  of  reversed  faults,  a  group  of 
strata  is  made  to  cover  a  great  breadth  of  ground  and  actually 
to  overlie  higher  members  of  the  same  series.  The  most  extra- 
ordinary dislocations,  however,  are  those  to  which  for  distinc- 
tion we  have  given  the  name  of  Thrust-planes.  They  are 
strictly  reversed  faults,  but  with  so  low  a  hade  that  the  rocks 
orr  their  up-throw  nide  have  been,  as  it  were,  pushed  horizon- 
tally forward.  The  distance  to  which  this  horilzontal  displace* 
ment  has  reached,  is  almost  incredible.  In  Durness,  for  ex* 
ample,  the  overlying  schists  have  certainly  been  thrust  west- 
ward across  all  the  other  rocks  for  at  least  ten  miles.  In  fact, 
these  thrust- planes,  but  for  the  clear  evidence  of  such  sections 
as  those  of  Loch  Eriboll,  could  not  be  distinguished  from 
ordinary  stratification-planes,  like  which  they  have  been  pli- 
cated, faulted,  and  denuded.  Here  and  there,  as  a  result  of 
denudation,  a  portion  of  one  of  them  appears  capping  a  hill* 
top.  One  almost  refuses  to  believe  that  the  little  outlier  on  the 
summit  does  not  lie  normally  on  the  rocks  below  it,  but  on  a 
nearly  horizontal  fault  by  which  it  has  been  moved  into  it» 
place.  Masses  of  the  Archaean  gneiss  have  thus  been  thrust 
up  through  the  younger  rocks  and  pushed  far  over  their  edges. 
When  a  geologist  finds  vertical  beds  of  gneiss  overlying  gently 
inclined  sheets  of  fossiliferous  quartzite,  shale  and  limestone, 
he  may  be  excused  \i  he  begins  to  wonder  whether  he  himself 
is  not  really  standing  on  his  head. 

The  general  trend  of  all  these  foldings  and  ruptures  is  from 
north-northeast  to  south-southwest,  and  the  steep  westward 
fronts  of  the  folds  show  that  the  terrestrial  movement  came  from 
east-southeast.  Corroborative  evidence  that  this  was  the  direc- 
tion of  the  movement  is  furnished  by  a  series  of  remarkable  in- 
ternal rearrangements  that  have  been  superinduced  upon  the 
rocks.  Throughout  the  whole  region,  in  almost  every  mass  of 
rock,  altogether  irrespective  of  its  lithological  characters  and  its 
structure,  striated  planes  may  be  noticed  which  are  approxi- 
mately parallel  witn  the  thrust-planes,  and  are  covered  with  a 
fine  parallel  lineation,  running  in  a  west-northwest  and  east- 
southeast  direction.  These  surfaces  have  evidently  been  pro- 
duced by  shearing.  Again,  many  of  the  rocks  near  the  thrust- 
[)lanes,  and  for  a  long  way  above  them,  are  marked  by  a  pecu- 
iar  streaked  structure  which  reminds  one  of  the  fluxion-lines  of 
an  eruptive  rock.  The  coarse  pegmatites  in  the  gneiss,  for  ex- 
ample, as  they  come  within  the  influence  of  the  shearing,  have 
had  their  flesh-colored  feldspar  and  milky-quartz  crushed  and 
drawn  out  into  fine  parallel  laminsB  till  they  assume  the  aspect 
of  a  rhyolite  in  which  fluxion-structure  has  been  exceptionally 
well  developed.     The  gneiss  itself  coming  into  the  same  power- 
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ful  mill  has  acqaircd  a  new  schistosity  parallel  with  the  shearing- 
planes.  Hornblende-rock  has  been  converted  into  hornblende- 
schist  Moreover,  new  minerals  have  likewise  made  their 
appearance  along  the  new  divisional  planes,  and  in  many  cases 
their  longer  axes  are  ranged  in  the  same  dominant  direction 
from  east-southeast  to  west  northwest. 

Murchison  believed  that  the  Silurian  quartzites  and  lime- 
stones of  Eriboll  pass  up  under,  and  are  conformably,  overlain 
by,  his  upper  gneisa  It  is  quite  true  that  they  are  so  overlain ; 
but  the  overlying  rocks>  instead  of  having  been  regularly 
deposited  on  them,  have  been  pushed  over  them.  What,  then, 
are  these  overlying  rocks  ?  Though  they  have  undergone  such 
intense  alteration  during  the  process  by  which  they  were  moved 
into  their  present  position  that  their  original  characters  have 
been  in  great  measure  effaced,  lenticular  bands  occur  in  them 
which  can  certainly  be  recognized.  Some  of  these  bands  are 
unquestionably  parts  of  the  Archaean  gneiss ;  others  are  Silurian 
quartzite,  and  in  one  case  we  can  detect  a  large  mass  of  the 
upper  Durness  limestone.  Traced  eastward,  however,  the 
crystalline  characters  become  more  and  more  pronounced  until 
we  cannot  tell,  at  least  from  examination  in  the  field,  what  the 
rocks  may  originally  have  been.  They  are  now  fine  flaggy 
micaceous  gneisses  and  mica-schists,  which  certainly  could  not 
have  been  developed  out  of  any  such  Archft)an  gneiss  as  is  now 
visible  to  the  west.  Whether  they  consist  in  part  of  higher 
members  of  the  Silurian  series  in  a  metamorphic  condition  re- 
mains to  be  seen.  The  occurrence  of  a  band  of  crystalline 
limestone  and  calcareous  schist,  which  has  been  traced  for  many 
miles  above  the  great  thrust-plane,  certainly  suggests  that  it 
represents  the  upper  part  of  the  calcareous  Durness  series 
attenuated  and  altered  by  the  intense  shearing  which  all  the 
^^cks  have  undergone.  This  much  at  least  is  certain,  that  the 
schistose  series  above  the  thrust-plane  is  partly  made  up  of 
Silurian  strata,  and  has  received  its  present  dip  and  foliation 
since  Silurian  time. 

Having  satisfied  myself  that  Murchison's  explanation  of  the 
order  of  sequence  could  not  be  established  in  Eriboll,  I  was 
desirous  to  see  again,  in  the  new  light  now  obtained,  some  of 
the  Ross-shire  sections  for  the  description  of  which  I  am 
responsibla  Had  these  sections  been  planned  for  the  purpose 
of  deception  they  could  not  have  been  more  skillfully  devised. 
The  parallelism  of  dip  and  strike  between  the  Silurian  strata 
and  the  overlying  schists  is  so  complete  as  to  prove  the  most 
intimate  relationship  between  them ;  and  no  one  coming  first 
to  this  ground  would  suspect  that  what  appears  to  be  a  normal 
stratigraphical  sequence  is  not  really  so.  But  the  clear  coast- 
sections  of  Eriboll,  where  every  dislocation  is  laid  bare,  have 
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now  taught  me  that  I  have  been  mistaken,  for  the  parallelism 
in  question  is  not  due  to  conformable  deposition.  The  same 
kind  of  evidence  of  upthrust  and  metamorphism  which  these 
coast-sections  reveal  can  be  traced  southward  for  a  distance  of 
more  than  ninety  miles.  The  task  of  unraveling  the  geolog- 
ical structure  of  these  southern  regions  will  be  much  facilitated 
by  the  remarkable  persistence  of  the  Sutherland  Silurian  zones, 
some  of  which,  with  their  characteristic  features  and  fossils,, 
are  as  well  marked  above  Loch  Carron  as  they  are  at  Loch 
Eriboll. 

In  southwestern  Ross-shire  the  platform  on  which  the  Silu- 
rian rocks  rest  is  a  thick  mass  of  Cambrian  red  sandstone.  In 
the  great  upthrow,  it  is  this  sandstone  platform  which  has  there 
been  pushed  over  the  limestones  and  quartzites.  On  the  west 
side  of  Loch  Keeshoru,  the  red  sandstones,  in  their  normal 
unaltered  form,  rise  up  into  the  colossal  pyramids  of  Apple- 
cross  ;  but  on  the  east  side,  where,  at  a  distance  of  little  more 
than  a  mile,  they  overlie  the  limestones,  they  bear  so  indurated 
an  aspect  that  they  have  naturally  been  classed  with  the 
quartzose  members  of  the  Silurian  series.  Traced  eastward 
they  present  increasing  evidence  of  intense  shearing  ;  fluxion- 
structure  makes  its  appearance  in  them,  with  a  development  of 
mica  along  the  divisional  planes,  until  they  pass  into  frilled 
micaceous  schist,  in  which,  however,  the  original  clastic  graina 
are  still  recognizable.  They  finally  shade  upward  into  green 
schists  and  fine  gneiss  which  merge  into  coarse  gneiss  with 
pegmatite.  The  short  space  within  which  ordinary  red  feld- 
spathic  sandstone  and  arkose  acquire  the  characters  of  true 
schists  is  a  point  of  some  importance  in  regard  to  the  change 
from  the  unaltered  Silurian  strata  of  the  Southern  Uplanda 
into  the  metamorphic  condition  of  the  Highland  phyllites, 
grits,  etc.  • 

Obviously  the  question  of  chief  importance  in  connection 
with  the  structure  now  ascertained  to  characterize  the  North- 
West  Highlands  relates  to  metamorphism.  That  there  is  no- 
longer  any  evidence  of  a  regular  conformable  passage  from 
fossiliferous  Silurian  quartzites,  shales  and  limestones  upward 
into  crystalline  schists,  which  were  supposed  to  be  metamor- 
phosed Silurian  sediments,  must  be  frankly  admitted.  But  in 
exchange  for  this  abandoned  belief,  we  are  presented  with 
startling  new  evidence  of  regional  metamorphism  on  a  colossal 
scale,  and  are  admitted  some  way  into  the  secret  of  the  pro- 
cesses whereby  it  has  been  produced. 

From  the  remarkably  constant  relation  between  the  dip  of 
the  Silurian  strata  and  the  inclination  of  their  reversed  faults,, 
no  matter  into  what  various  positions  the  two  structures  may 
have  been  thrown,  it  is  tolerably  clear  that  these  dislocations 
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took  place  before  the  strata  had  been  seriously  disturbed.  The^ 
persistent  parallelism  of  the  faults  and  of  the  prevailing 
northeasterly  strike  of  the  rocks  indicates  that  the  faulting 
and  tilting  were  parts  of  one  continuous  process.  The  same- 
dominant  northeasterly  strike  extends  across  the  whole  High- 
lands, and  also  over  the  Silurian  tracts  of  Southern  Scot- 
land and  the  north  of  England.  There  is  reason  to  regard 
it  in  ail  these  regions  as  probably  due  to  one  great  series 
of  terrestrial  movements.  These  must  have  occurred  some 
time  between  an  early  part  of  the  Silurian  period  and  that 
portion  of  the  Old  Bed  Sandstone  period  represented  by 
the  breccias  and  conglomerates  of  the  Highlands.  In  the 
Central  and  Eastern  Highlands  the  slates,  phyllites,  grits, 
quartzites,  and  limestones  which,  along  the  southern  border, 
are  scarcely  more  altered  than  their  probable  equivalents 
among  the  Silurian  rocks  of  the  Southern  Uplands,  have 
been  greatly  plicated,  and  have  assumed  a  more  or  less  crys- 
talline structure.  But  when  these  changes  were  brought 
about,  there  lay  to  the  northwest  a  solid  ridge  of  Archaean 
gneiss  and  Cambrian  sandstone  which  offered  strong  resistance 
to  the  plication.  The  thrust  from  the  eastward  against  this 
ridge  must  have  been  of  the  most  gigantic  kind,  for  huge  slices, 
hundreds  pf  feet  in  thickness,  were  shorn  off  from  the  quartz- 
ites, limestones,  red  sandstones,  and  gneiss,  and  were  pushed 
for  miles  to  the  westward.  During  this  process,  all  the  rocks 
driven  forward  by  it  had  their  original  structure  more  or  less 
completely  effaced.  New  planes,  generally  parallel  with  the 
surfaces  of  movement,  were  developed  in  them,  and  along  these 
new  planes  a  rearrangement  and  recrystallization  of  mineral 
constituents  took  place,  resulting  in  the  production  of  crystal- 
line schists.  This  metamorphism  certainly  occurred  after  early 
Silurian  times,  for  Cambrian  and  Lower  Silurian  strata,  as  well 
as  Archaean  rocks,  have  been  involved  in  it. 

It  is  obvious  that  into  the  problems  of  Highland  geologv, 
always  admittedly  obscure,  a  fresh  element  of  difficulty  is  in- 
troduced. At  the  same  time  the  aid  furnished  by  a  minute 
study  of  the  Sutherland  sections  is  so  great  that  we  may  hope 
to  attack  these  problems  with  more  success  than  has  hitherto 
seemed  probable.  The  work,  too,  is  not  of  a  kind  to  be 
attempted  in  a  few  hasty  scampers  over  the  ground.  It  will 
require  patient,  detailed  mapping.  But  when  the  great  base- 
lines have  once  been  accurately  traced,  the  diflficulties  will 
doubtless  begin  to  diminish,  and,  like  the  piece  of  a  puzzle,  the 
various  segments  of  the  Highlands  will  then  be  found  to  range 
themselves  in  their  proper  places. — From  Nature^  Nov.  13.* 

*  For  extracts  from  the  report  of  Messrs.  Peach  and  Home,  and  a  stratif^raph- 
leal  section  of  the  fault  region,  see  beyond. 
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Art.  V.  —  Observations  upon  the  Qreat  FauH  in  the  vicinity  of 
Schodack  Landing^  Rensselaer  County^  N,  Y.  ;  by  S.  W.  FoRD. 

In  an  earlier  paper  by  the  writer,  upon  the  age  of  the  rocks 
in  the  vicinity  of  Schodack  Landing  (thia  Journal  for  Sep- 
tember, 18^4),  the  exact  course  of  the  great  fault  referred  to,  or, 
in  other  words,  the  precise  age  of  a  ledge  of  slaty  rocks  a  short 
distance  south  of  the  more  southerly  promontory  therein  de- 
scribed, was  left  in  some  uncertainty.  The  question  was  con- 
siderably complicated  by  the-  failure,  in  the  first  instance,  to 
obtain  fossils  from  the  rocks  in  dispute,  and,  as  will  be  seen 
further  on,  by  the  extraordinary  position  of  the  adjacent  beds. 
I  have  recently  spent  several  days  in  a  careful  study  of  the  vexed 
locality,  and  in  further  examinations  of  the  rocks  of  the 
neighborhood ;  and  the  additional  facts  obtained  form  the  sub- 
ject-matter of  the  present  article. 

It  is  not  often  that  one  is  permitted  to  observe  the  slates  or 
schists  of  the  early  Cambrian  overljring  in  apparent  conformity 
those  at  the  summit  of  the  Lower  Silurian,  and  yet  such  is  the 
case  in  the  locality  which  I  am  about  to  describe.*  Along  the 
western  bases  of  Snake  and  Buck  mountains  in  Vermont,  and 
also  in  the  hills  east  of  Troy  and  Lansingburgh,  New  York, 
the  evidences  of  a  great  fracture  resulting  in  practically  the 
same  phenomena  as  those  hereinafter  mentioned  are  very 
conclusive;  but  in  none  of  the  localities  cited  has  the  actual 
contact  of  the  older  and  newer  groups  been  observed.  In  order 
to  render  the  subject  clearer  to  those  who  may  be  unacquainted 
with  the  region,  I  have  introduced  the  annexed  sketch-map, 
the  geologically  characterized  portion  of  which  represents  a 
tract  about  three  miles  in  length,  with  an  average  breadth 
of  three-quarters  of  a  mile.  It  lies,  as  will  be  noted,  partly 
in  Rensselaer  and  partly  in  Columbia  county,  along  the  eastern 
shore  of  the  Hudson  River. 

The  dotted  area  of  the  map  represents  that  portion  of  the 
district  occupied  by  the  Lorraine  Shales  (=  Hudson  River 
Group),f  and  the  particular  portions  of  it,  A,  A',  the  two  prom- 

*  Judging  from  the  life-history  of  the  Trilobite  Olendlits  cuaphMdes,  as  at 
present  known,  I  should  infer  that  the  Troy  and  Stuyvesant  Primordial  beds  ar* 
somewhat  more  recent  than  the  Greorgia  slates ;  but  there  is  not,  to-day,  so  far  as 
I  am  aware,  any  evidence  that  would  warrant  their  separation  from  them  as  a 
distinct  group,  or  their  assignment  to  an  independent  geological  horizon. 

f  I  have  rejected  the  designation  "Hudson  River  Group,"  for  the  reasons  (1) 
that  the  rocks  of  this  group  constitute,  in  all  probability,  but  a  small  proportion 
of  the  terranes  east  of  the  Hudson  river  to  which  the  name  was  originally  and 
especially  applied ;  (2)  that  the  term,  as  a  geographical  one,  has  come  to  be  mis- 
leading, as  will  be  seen  by  the  map  of  the  Schodack  region;  and  (3)  that  it  has 
been  &e  source  of  nearly  or  quite  as  much  trouble  in  American  geology  as  the 
term  Taconic.     The  old  synonym,  "Lorraine,"  stands  for  a  well-charaoteriaed 
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ontories  described  in  my  former  article.  The  rocks  iDoIude 
shales  and  slates  both  fossiliferous  and  unfossiliferous;  thick, 
gritty  layers,  one  of  which  has  afforded  numerous  specimens  of 
OrOiis  testudinaria  and  Leptoena  sericea  ;  and  one  or  more  beds 
of  limestona  Each  of  the  promontories  referred  to  contains  a 
band  of  slates  rich  in  graptolites,  the  best  locahty  yet  discovered 
-occurring  in  promontory  A,  along  the  line  of  the  Hudson  Eiver 
railroad,  a  few  yards  south  of  the  flag-station  at  that  point. 
Altogether  this  band  has  yielded  fifteen  species  of  graptolites, 
thirteen  of  which  are  well-known  forms,  and  include  Q,  serra" 
iulus^  O.  diuaricatus  and  (?.  Whilfieldi  It  has  also  furnished 
several  specimens  of  a  small  Lingula^  and  an  acephalous  species 
probably  identical  with  the  Lyrodesma  pulchella  of  Hall  (Pal.  N* 
Y.,  vol.  i,  p.  302,  pi.  62,  fig.  12).  All  of  the  beds  have  been 
greatly  twisted  and  broken  up,  but  their  prevailing  dip  is  east- 
ward at  high  angles. 


BE9SSELAER  COiKTY. 


COLUMBIA  COUNTY. 


TOWN  OF  STUYVESANT. 


^^s0;^ 


In  its  extension  southward  into  Columbia  county,  the  visible 
tirea  of  the  Lorraine  becomes  somewhat  contracted,  and  bears 
a  little  to  the  westward  ;  and  directly  in  front  of  Mr.  Patrick 
McCabe's  residence  (M),  it  is  completely  cut  off  by  a  narrow 
marshy  tract.  Fifty  yards  south  of  Mr.  McCabe's,  however,  a 
low  ledge  of  similar  rocks  is  met  with,  having  a  width  at  the 
northern  extremity  of  a  few  rods,  and  a  run  to  the  southward 
of  several  hundred  feet.  The  strike  of  the  beds  is  a  little  east 
of  north,  the  precise  angle  not  determined.  The  slates  of  this 
ledge  (c)  have  yielded  the  majority  of  the  species  of  grapto- 
lites found  in  those  of  the  promontories  A  and  A',  and  hence 
belong  clearly  to  the  same  formation.  At  the  date  of  publica- 
tion of  my  former  paper  they  had  not  been  found  fossiliferous. 

Upon  the  southeast,  the  rocks  of  the  ledge  just  described  are 
immediately  succeeded  by  a  widely  different  group  of  strata, 
the  fossils  of  which  prove  that  they  belong  to  the  Primordial 

^oiip  in  Jefferson  county,  and  has  the  advantage,  in  itB  application  to  rocks  of  the 
-same  age  east  of  the  Hudson  river,  of  leaving  the  other  formations  which  there 
occur  uDoomproroised;  and  for  these  reasons,  and  these  alone,  I  have  been  led  to 
adopt  it  in  mj  work. 

Am.  Joub.  Sgi.— Third  Siebibs,  Yoi/.  XXIX,  No.  109.— Jan.,  1885. 
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zone.  This  group  is  represented  upon  the  map  by  the  ob- 
liquely lined  area.  A  brief  description  of  these  older  rocks,  by 
the  writer,  is  contained  in  the  July  number  of  this  Journal,  for 
1884,  and  since  that  time  I  have  been  able  to  increase  but  little 
the  already  published  list  of  species  found  in  them.  Some 
distance  south  of  the  most  southerly  reach  of  the  Lorraine, 
the  Primodial  strata  begin  to  run  inland;  and,  continuing 
this,  finally  sweep  past  the  point  c  in  a  broad,  northeasterly- 
bearing  curve.  In  one  favored  locality,  the  lower  slates  of  this 
group  are  found  reposing  fairly  upon  those  of  the  Lorraine; 
and  upon  the  phenomena  presentcfd  at  this  point,  I  propose 
now  to  speak. 

The  locality  referred  to  is  situated  nearly  due  south  of  Mr. 
McCabe*s  residence,  and,  by  pacing,  210  yards  distant  from  it. 
It  may  be  easily  found  by  going  directly  across  the  low  ground 
in  front  of  the  house  to  the  ledge  c,  and  then  taking  the  by- 
road southward  along  the  edge  of  the  hill.  This  road  is  only  a 
few  rods  distant  from  the  Hudson  River  railroad  track.  A 
small  spring  issues  from  the  slates  directly  on  the  line  of  con- 
tact of  the  two  groups ;  and  although,  at  first  sight,  the  older 
slates  appear  to  conform  perfectly  with  the  newer,  a  closer  ex- 
amination shows  that  their  cut  edges,  owing  to  the  curve  of  the 
beds,  really  make  a  small  angle  with  them.  Moreover,  the 
slates  of  the  two  groups  are  lithologically  different,  those  of 
the  Lorraine  being,  for  the  most  part,  black  and  carbonaceous, 
and  some  of  them  graptolitic  up  to  within  a  few  inches  of  the  line 
of  the  overlap  ;  while  those  of  the  Primordial  are  unctuous  and 
highly  micaceous,  or,  as  Professor  Dana  informs  me,  may  be 
true  hydromica  schists.  There  can  be  no  doubt  of  the  existence 
here  of  a  great  physical  break,  the  course  of  which  is  indicated 
upon  the  map,  by  the  continuous  line  bounding  the  Primor- 
dial area  upon  its  western  side. 

In  order  to  make  the  leading  structural  features  of  the  region 
under  consideration  still  better  understood,  I  give  below  two- 
sections,  one  of  them  along  the  line  a  a  of  the  map  and  the 
other  along  the  line  b  b.     In  the  first  of  these  (fig.  1),  the 'pre- 

1. 

N.W.  .--^  oc. 


cise  position  of  the  fault  is  somewhat  uncertain,  but  the  known 
facts  strongly  suggest  that  its  indicated  position  is  a  close  ap- 
proximation to  the  truth.  This  section  passes  a  little  to  the 
northeast  of  Mr.  Wood's  residence,  in  the  town  of  JStuy ves- 
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ant,  in  front  of  which,  and  all  the  way  to  the  bottom  of  the 
ravine  which  it  faces,  the  Lorraine  beds  are  concealed  by  drift. 
The  opposite  slope  is  to  some  extent  similarly  mantled  over; 
but  the  character  of  the  underlying  bed?  has  been  well  ascer- 
tained. 


In  the  second  section  (fig.  2),  the  two  groups  are  shown  in 
contact  with  each  other,  and  the  fault  is  located  with  precision. 
Beyond  this  the  section  does  not  appear  to  me  to  call  for  special 
comment.  On  tracing  the  Primordial  rocks  eastward  over  the 
country,  they  are  found  to  be  arranged  in  a  series  of  rather 
broad  synclinal  folds  with  apparently  intervening  denuded 
anticlinals.  I  have  not  yet  attempted  to  trace  out  the  course 
of  the  fault  in  its  more  eastward  extension. 

I  have  purposely  dwelt  at  some  length  upon  the  structure  of 
this  remarkable  region,  partly  because  of  the  great  interest 
which  it  possesses,  and  partly  because  of  the  efforts  that  have 
been  put  forth  during  the  past  two  or  three  years,  to  banish 
from  geology  altogether  what  has,  I  believe,  with  good  reason 
been  denominated  ^*The  Great  Appalachian  Fault."  These 
efforts  have  been  grounded  mainly  upon  the  results  of  investi- 
gations conducted  upon  the  west  side  of  the  Hudson  river,  and 
having  no  real  bearing  upon  the  question.  One  writer,  in  par- 
ticular, whose  views  have  appeared  during  the  period  referred 
to,*  has  pronounced  the  Great  Appalachian  Fault  to  be  purely 
hypothetical,  principally  upon  the  strength  of  field-work  done 
in  the  vicinity  of  Rondout;  and  a  disposition  seems  to  have 
sprang  up  in  other  minds,  at  about  the  same  period,  to  advo- 
cate a  similar  view.  To  those  who  may  have  been  led,  either 
by  their  own  investigations,  or  the  researches- of  others,  to  sq 
regard  the  matter,  the  region  herein  described  is  respectfully 
recommended,  as  one  well  calculated  to  conduct  to  the  opposite 
conclusion. 

Schodack  Landing,  N.  Y.,  Oct.  30th,  1884. 

*  Mr.  W.  M.  Davis,  on  "  The  Non-conformity  at  Rondout,  N.  Y."  This 
Journal  for  Koyember,  1883. 
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Art.  VI.— Ow  the  Cause  of  Mild  Polar  Climates  ;  by 
James  Croll,  LL.D.,  F.R.S.* 

There  are  few  facts  within  the  domain  of  geology  better 
established  than  that  at  frequent  periods  in  the  past  the  polar 
regions  enjoyed  a  comparatively  mild  and  equable  climate,  and 
that  places  now  buried  under  permanent  snow  and  ice  were 
then  covered  with  a  rich  and  luxuriant  vegetation.  Various 
theories  have  been  advanced  to  account  for  this  remarkable 
state  of  things,  sych  as  a  difl'erent  distribution  of  sea  and  land, 
a  change  in  the  obliquity  of  the  ecliptic,  a  displacement  in  the 
position  of  the  earth's  axis  of  rotation,  and  so  forth.  The  true 
explanation  will,  I  feel  persuaded,  be  found  to  be  the  one  I 
gave  many  years  ago.  The  steps  by  which  the  results  were 
reached  were  as  follows: 

The  annual  quantity  of  heat  received  from  the  sun  at  the 
equator  is  to  that  at  the  poles  as  12  to  4*98,  or,  say  as  12  to  5. 
This  on  the  supposition  that  the  same  percentage  of  rays  is 
cut  oflF  by  the  atmosphere  at  the  equator  as  at  the  poles,  which, 
of  course,  is  not  the  case.  More  is  cut  oflF  at  the  poles  than 
at  the  equator,  and  consequently  the  difference  in  the  amount 
of  heat  received  at  the  two  places  is  actually  greater  than  that 
indicated  by  the  ratio  12  to  5.  But,  assuming  12  to  5  to  be 
the  ratio,  the  question  arose  what  ought  to  be  the  difference 
of  temperature  between  the  two  places  in  question  on  the  sup- 
position that  the  temperature  was  due  solely  to  the  direct  heat 
received  from  the  sunV  This  was  a  question  difficult  to 
answer,  for  its  answer  mainly  depended  upon  two  things, 
regarding  both  of  which  a  very  considerable  amount  of  un- 
certainty prevailed. 

First,  it  was  necessary  to  know  how  much  of  the  total 
amount  of  heat  received  by  the  earth  was  derived  from  the  sun 
and  how  much  from  the  stars  and  other  sources,  or  in  other 
words,  from  space.  Absolute  zero  is  considered  to  be  461* 
below  zero,  Fahc.  The  temperature  of  the  equatx)r  is  about  80°. 
This  gives  641°  as  the  absolute  temperature  of  the  equator. 
Now  were  all  the  heat  received  by  the  earth  derived  simply 
from  the  sun,  and  were  the  temperature  of  each  place  propor- 
tionate to  the  amount  directly  received,  then  the  absolute  tem- 
perature of  the  poles  would  be  -j^  of  that  of  the  equator,  or 
225°.     This  would  give  a  diflFerence  of  316°  between  the  tem- 

ferature  of  the  equator  and  that  of  the  poles.     According  to 
^ouillet  and  Herschel  space  has  a  temperature  of  —239°,  or 
222°  of  absolute  temperature.     If  this  be  the  temperature  of 
space,  then  only  319^  of  the  absolute  temperature  of  the  equa- 
tor are  derived  from  the  sun ;  consequently  as  the  poles  receive 
*  From  the  Phil.  Mag.  for  October,  1884. 
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from  the  sun  only  ^^  ^^  ^^'^  amount  of  temperature,  or  133°, 
this  will  give  merely  186°  as  the  difference  which  ought  to 
exist  between  the  equator  and  the  poles.  There  is,  however, 
good  reason  for  believing  that  the  temperature  of  space  is  far 
less  than  that  assigned  by  Pouillet  and  Herschel — that,  in  fact, 
it  is  probably  not  far  above  absolute  zero.  Therefore  by 
adopting  so  high  a  temperature  as  — 239°,  we  make  the  difiFer- 
ence  between  the  temperature  of  the  equator  and  that  of  the 
poles  too  small. 

Second,  it  was  necessary  to  know  at  what  rate  the  tempera- 
ture increased  or  decreased  with  a  given  increase  or  decrease 
in  the  amount  of  heat,  received.  It  was  well  known  that 
Newton's  law — that  the  change  of  temperature  was  directly 
proportionate  to  the  change  in  the  quantity  of  heat  received — 
was  far  from  being  correct.  The  formula  of  Dulong  and  Petit 
was  found  to  give  results  pretty  accurate  within  ordinary 
limits  of  temperature.  But  it  would  not  have  done,  in  making 
my  estimate,  to  take  that  formula,  if  I  adopted  Herschel's  esti- 
mate of  the  temperature  of  space;  for  it  would  have  made  the 
diflTerence  of  temperature  between  the  equator  and  the  poles  by 
far  too  small.  Newton^s  law,  if  we  adopt  Herschel's  estimate 
of  the  temperature  of  space,  would  give  results  much  nearer 
the  truth ;  for  the  error  of  ihe  one  would,  to  a  large  extent  at 
least,  neutralize  that  of  the  otheix 

From  such  uncertain  data  it  was,  of  course,  impossible  to 
arrive  at  results  which  could  in  any  way  be  regarded  as  accu- 
rate. But  it  so  happens  that  perfect  accuracy  of  results  in  the 
present  case  was  not  essential.  All  that  really  was  required 
was  a  rough  estimate  of  what  the  difference  of  temperature 
between  the  equator  and  the  poles  ought  to  be.  The  method 
adopted  showed  pretty  clearly,  however,  that  the  difference  of 
temperature  could  not  be  less  (although  probably  more)  than 
200  .  But  the  present  actual  difference  does  not  probably 
exceed  80°.  We  have  no  means  of  ascertaining  with  certainty 
what  the  mean  annual  temperature  of  the  poles  is;  but  as  the 
temperature  of  latitude  80°  N.  is  4°'5,  that  of  the  poles  is 
probably  not  under  0°.  If  the  present  difference  be  80°,  it  is 
then  120°  less  than  it  would  be  did  the  temperature  of  each 
place  depend  alone  on  the  heat  received  directly  from  the  sun. 
This  great  reduction  from  about  200°  to  80°  can,  of  course,  be 
due  to  no  other  cause  than  to  a  transference  of  heat  from  the 
equator  to  the  poles.  The  question  then  arose,  by  what  means 
was  this  transference  effected  ?  There  were  only  two  agencies 
available — the  transference  must  be  effected  either  by  aerial  or 
by  ocean  currents.  It  was  shown  at  considerable  length  (Cli- 
mate and  Time,  pp.  27-30,  and  other  places)  that  the  amount 
of  heat  that  can  be  conveyed  from  the  equator  to  the  poles  by 


Digitized  by 


Google 


22  J.  OroU— Cause  of  Mild  Pcla/r  CKmates. 

means  of  aerial  currents  is  trifling,  and  that,  consequently,  the 
transference  must  be  referred  to  the  currents  of  the  ocean.  It 
became  obvious  then  that  the  influence  of  ocean-currrents  in 
the  distribution  of  heat  over  the  globe  had  been  enormously 
under-estimated.  In  order  to  ascertain  with  greater  certainty 
that  such  had  been  the  case,  I  resolved  on  determipinjr,  if  pos- 
sible, in  absolute  measure  the  amount  of  heat  actually  being 
conveyed  from  the  equator  to  temperate  and  polar  regions  by 
means  of  ocean-currents. 

The  only  great  current  whose  volume  and  temperature  had 
been  ascertained  with  any  degree  of  certainty  was  the  Gulf- 
stream.  On  computing  the  absolute  amount  of  heat  conveyed 
by  that  stream,  it  was  found  to  be  more  than  equal  to  all  the 
heat  received  from  the  sun  within  82  miles  on  each  side  of  the 
equator.  The  amount  of  equatorial  heat  carried  into  temperate 
and  polar  regions  by  this  stream  alone  is  therefore  equal  to 
one-fourth  of  all  the  heat  received  from  the  sun  by  the  North 
Atlantic  from  the  tropic  of  Cancer  up  to  the  Arctic  Circle.* 
Although  the  heating  power  of  the  Gulf-stream  had  long  been 
known,  yet  no  one  had  imagined  that  the  warmth  of  our  cli- 
mate was  due,  to  such  an  enormous  extent,  to  the  heat  con- 
veyed by  that  stream.  The  amount  of  heat  received  by  an 
equatorial  zone  64  miles  in  breadth  represents,  be  it  observed, 
merely  the  amount  conveyed*  by  one  current  alone.  There 
are  several  other  great  currents  some  of  which  convey  as  much 
heat  polewards  as  the  Gulf-stream.  On  taking  into  account 
the  influence  of  the  whole  system  of  oceanic  circulation,  it  was 
not  surprising  that  the  difference  of  temperature  between  the 
equator  and  the  poles  should  be  reduced  from  200°  to  80^ 

From  these  considerations,  the  real  cause  of  former  compar- 
atively mild  climates  in  Arctic  regions  became  now  apparent. 
All  that  was  necessary  to  confer  on,  say  Greenland,  a  condition 
of  climate  which  would  admit  of  the  growth  of  a  luxuriant 
vegetation  was  simply  an  increase  in  the  amount  of  heat  trans- 
ferred from  equatorial  to  Arctic  regions  by  means  of  ocean- 
currents.  Ana  to  eff*ect  this  change  of  climate,  no  very  great 
amount  of  increase  was  really  required;  for  it  was  shown  that 
the  severity  of  the  climate  of  that  region  was  about  as  much 
due  to  the  cooling  eflFect  of  the  permanent  snow  and  ice  as  to 
an  actual  want  of  heat.  An  increase  in  the  amount  of  warm 
water  entering  the  Arctic  Ocean,  just  sufficient  to  prevent  the 
formation  of  permanent  ice,  was  all  that  was  really  necessary  ; 
for  were  it  not  for  the  presence  of  ice  the  summers  of  Green- 
land would  be  as  warm  as  those  of  England. 

Were  the  whole  of  the  warm  water  of  the  Gulf-stream  at 
present  to   flow   int-o  the  Arctic   Ocean,    it   would  probably 

*  Climate  and  Time,  pp.  34.  35 ;  Phil.  Mag.,  Febniarj',  18Y0. 
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Temove  the  ice  of  Greenland.  Any  physical  changes,  such  as 
those  that  have  been  discassed  on  former  occasions,  which 
would  greatly  increase  the  volume  and  temperature  of  the 
stream  and  deflect  more  of  its  waters  into  the  Arctic  Ocean 
would,  there  is  little  doubt,  confer  on  the  polar  regions  a  cli- 
mate suitable  for  plant  and  animal  life.  At  present  the  Gulf- 
stream  bifurcates  in  mid-Atlantic,  one  branch  passing  north- 
-eastward  into  the  Arctic  regions,  whilst  the  larger  branch 
turns  southeastward  by  the  Azores,  and  after  passing  the 
Canaries  re-enters  the  equatorial  current.  As  the  Gulf-stream, 
like  other  great  currents  of  the  ocean,  follows  almost  exactly 
the  path  of  the  prevailing  winds,*  it  bifurcates  in  mid- Atlantic 
simply  because  the  winds  blowing  over  it  bifurcate  alsQ.  Any 
physical  change  which  would  prevent  this  bifurcation  of  the 
winds  and  cause  them  to  blow  northeastward  would  probably 
impel  the  whole  of  the  Gulf-stream  waters  into  the  Arctic  seas. 
All  this  doubtless  might  quite  well  be  effected  without  any 
geographical  changes,  although  changes  in  \the  physical  geog- 
raphy of  the  North  Atlantic  might  be  helpful. 

These  considerations  regarding  the  influence  of  the  Gulf- 
stream  point  to  another  result  of  an  opposite  character.  It  is 
this:  if  a  large  increase  in  the  volume  and  temperature  of  the 
stream  would  confer  on  Greenland  and  the  Arctic  regions  a 
<;ondition  of  climate  somewhat  like  that  of  Northwestern 
Europe,  it  is  obvious,  as  has  been  shown  at  length  on  former 
occasions,  that  a  large  decrease  in  its  temperature  and  volume 
would,  on  the  other  hand,  lead  to  a  state  of  things  in  North- 
western Europe  approaching  to  that  which  now  prevails  in 
Greenland.  A  decrease  leads  to  a  glacial,  an  increase  to  an 
inter-glacial  condition  of  things. 

*Sir  Wiliiam  Thomson  on  Mild  Arctic  Climates, — In  a  paper 
read  before  the  Geological  Society  of  Glasgow  in  February, 
1877,  Sir  William  maintains  also  that  an  increase  in  the  amount 
of  heat  conveyed  by  ocean -currents  to  the  Arctic  regions,  com- 
bined with  the  effect  of  Clouds,  Wind,  and  Aqueous  Vapor, 
is  perfectly  sufficient  to  account  for  the  warm  and  temperate 
•condition  of  climate  which  is  known  to  have  prevailed  in  those 
regions  during  former  epochs.  The  following  quotations  will 
show  Sir  William's  views  : — 

"  A  thousand  feet  of  depression  would  submerge  the  continents 
of  Europe,  Asia  and  America,  for  thousands  of  miles  from  their 
present  northern  coast-lines,  and  would  give  instead  of  the  present 
land-locked,  and  therefore  ice-hound  Arctic  sea,  an  open  iceless 
ocean,  with  only  a  number  of  small  steep  islands  to  obstruct  the 
free  interchange  of  water  between  the  North  Pole  and  temperate 
or  tropical  regions.     That  the  Arctic  sea  would,  in  such  cu'cum- 

*  See  *  Climate  and  Time,'  p.  213. 
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stances,  be  free  from  ice  quite  up  to  the  north  pole  may  be,  I  think^ 
securely  inferred  from  what,  in  the  present  condition  of  the  globe^ 
we  know  of  ice-bound  and  open  seas  in  the  northern  hemisphere 
and  of  the  southern  ocean  abounding  in  icebergs,  but  probably 
nowhere  ice-bound  up  to  the  very  coast  of  the  circuni polar  Ant- 
arctic continent,  except  in  more  or  less  land-locked  bays."  .... 
"  Suppose  now  the  sea,  unobstructed  by  land  from  either  pole  to 
temperate  or  tropical  regions,  to  be  iceless  at  any  time,  would  it 
continue  iceless  during  the  whole  of  the  sunless  polar  winter? 
Yes,  we  may  safely  answer.  Supposing  the  depth  of  the  sea  to  be 
not  less  than  60  or  100  fathoms,  and  judging  from  what  we  know 
for  certain  of  ocean  currents,  we  may  safely  say  that  differences 
of  specific  gravity  of  the  water  produced  by  difference  of  tempe- 
rature not  reaching  any  where  down  to  the  freezing  point,  would 
cause  enough  of  circulation  of  water  between  the  polar  and  tem- 
perate or  tropical  regions  to  supply  all  the  heat  radiated  from  the 
water  within  the  Artie  circle  during  the  sunless  winter,  if  air  con- 
tributed none  of  it.  Just  think  of  a  current  of  three  quarters  of 
a  nautical  mile  per  hour,  or  70  miles  per  four  days,  flowing  tow- 
ards the  pole  across  the  Arctic  circle.  The  area  of  the  Arctic 
circle  is  700  square  miles  for  each  mile  of  its  circumference. 
Hence  40  fathoms  deep  of  such  a  current  would  carry  in,  per 
twenty-four  hours,  a  little  more  than  water  enough  to  cover  the 
whole  area  to  a  depth  of  1  fathom ;  and  this,  if  7*1°  Cent,  above  the 
freezing  point,  would  bring  in  just  enough  of  heat  to  prevent 
freezing,  if  in  twenty-four  hours  as  much  heat  were  radiated  away 
as  taken  from  a  tenth  of  a  fathom  of  ice-cold  water  would  leave 
it  ice  at  the  freezing  point.  This  is  no  doubt  much  more  than 
the  actual  amount  of  radiation,  and  the  supposed  current  is  prob- 
ably much  less  than  it  would  be  if  the  water  were  ice-cold  at  the 
pole  and  7*  Cent,  at  the  Arctic  circle.  Hence,  without  any  assist- 
ance from  air,  we  find  in  the  convection  of  heat  by  water  alone,  & 
sufiiciently  poweri'ul  influence  to  prevent  any  freezing  up  in  polar 
regions  at  any  time  of  year." — 7Vans.  of  the  Geol,  Soc.  of  Glas- 
gow, 22d  February,  1877. 

That  an  amount  of  warm  water  flowing  into  the  Arctic 
Ocean  equal  to  that  assumed  by  Sir  William  Thomson,  along 
with  the  effects  of  clouds,  wind,  dew,  and  other  agencies  to- 
which  he  refers  would  wholly  prevent  the  existence  of  perma- 
nent ice  in  those  regions,  is  a  conclusion  which,  I  think,  can 
hardly  be  doubted.  It  is  with  the  greatest  deference  that  I 
venture  to  differ  from  so  eminent  a  physicist ;  but  I  am  unable 
to  believe  that  such  a  transference  of  water  from  intertropical 
and  temperate  regions  could  be  effected  by  the  agency  \x> 
which  he  attributes  it.  Certainly  the  amount  of  heat  conveyed 
by  means  of  a  circulation  resulting  from  difference  of  specific 
gravity,  produced  by  difference  of  temperature,  must  be  trifling- 
•when  compared  with  that  of  ocean-currents  produced  by  the 
impelling  force  of  the  winds.     Take,  for  example,  the  case  of 
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the  Gulf-stream.  If  the  amount  of  heat  conveyed  from  inter- 
tropical regions  into  the  North  Atlantic  by  means  of  diSerence- 
of  density  resulting  from  difference  of  temperature  were  equal 
to  that  conveyed  by  the  Gulf-stream,  it  would  follow,  as  has 
been  proved,*  that  the  Atlantic  would  be  far  warmer  in  tempe- 
rate and  arctic  than  in  intertropical  regions.  Taking  the  annual 
quantity  of  heat  received  from  the  sun  per  unit  surface  at  the 
equator  as  1,000,  the  quantities  received  by  the  three  zones- 
would  be  respectively  as  follows: — 

Equator 1000 

Torrid  zone 976 

Temperate  zone      ...  757 

Frigid  zone 454 

Assume,  then,  that  as  much  heat  is  conveyed  from  intertrop- 
ical regions  into  the  Atlantic  and  Arctic  seas  by  this  circulation 
from  difference  of  specific  gravity  as  by  the  Gulf-stream,  and 
assume  also  that  one  half  of  the  total  heat  conveyed  by  the  two- 
systems  of  circulation  goes  to  warm  the  Arctic  Ocean,  and  the 
other  half  remains  in  temperate  regions,  the  following  would 
then  be  the  relative  quantities  of  heat  possessed  by  the  three 
zones : — 

Atlantic  in  torrid  zone  .  .  .  671 
'^  in  temperate  zone  .  .  040 
'*         in  frigid  zone      .     .     .     766 

There  is  a  still  more  formidable  objection  to  the  theory.  It 
has  been  demonstrated,  from  the  temperature-soundings  made 
by  the  ''  Challenger*  Expedition,f  that  the  general  surface  of 
the  North  Atlantic  must,  in  order  to  produce  equilibrium, 
stand  at  a  higher  level  than  at  the  equator.  In  other  words, 
the  surface  of  the  Atlantic  is  lowest  at  the  equator,  and  rises 
with  a  gentle  slope  to  well  nigh  the  latitude  of  England.  This 
curious  condition  of  things  is  owing  to  the  fact  that,  in  conse- 
quence of  the  enormous  quantity  of  warm  water  from  inter- 
tropical regions  which  is  being  continually  carried  by  the  Gulf- 
stream  into  temperate  regions,  the  mean  temperature  of  the 
Atlantic  water,  considered  from  its  surface  to  the  bottom  is 
greater,  and  the  specific  gravity  less,  in  temperate  regions  than 
at  the  equator.  In  consequence  of  this  difference  of  specific 
gravity,  the  surface  of  the  Atlantic  at  latitude  23°  N.  must 
stand  2  feet  8  inches  above  the  level  of  the  equator,  and  at 
latitude  88®  N.  8  feet  8  inches  above  the  equator.  In  this 
case  it  is  absolutely  impossible  that  there  can  be  a  flow  in  the 
Atlantic  from  the  equatorial  to  the  temperate  regions  resulting 

* '  Climate  and  Time,'  Chap,  zi ;  Phil.  Mag.,  March,  1874. 
f  *  Climate  and  Time,'  pp.  220-225 ;    Phil.  Mag.,  September  and  December,^ 
1876;  *  Nature,'  November  25th,  1875. 
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irom  difference  of  specific  gravity.  If  there  is  any  motion  of 
the  water  from  that  caase,  it  must,  in  so  far  as  the  Atlantic  is 
concerned,  be  in  the  very  opposite  direction,  viz:  from  the  tem- 
perate to  the  equatorial  regions. 

All,  or  almost  all,  the  heat  which  the  Arctic  seas  receive 
from  intertropical  regions  in  the  form  of  warm  water  comes 
from  the  Atlaniic,  and  not  from  the  Pacific  ;  for  the  amount  of 
warm  water  entering  by  Behring  Strait  must  be  comparatively 
small.  It  therefore  follows  from  the  foregoing  considerations 
that  none  of  that  equatorial  heat  can  be  conveyed  by  a  circula- 
tion resulting  from  difiference  of  specific  gravity  produced  by 
difference  of  temperature. 

It  is  assumed  us  a  condition  in  this  theory  that  a  submer- 
gence of  the  Arctic  land  of  several  hundred  feet  must  have 
taken  place  in  order  to  convert  that  land  into  a  series  of  islands 
allowing  of  the  free  passage  of  water  round  them.  But  the 
evidence  of  geology,  as  was  shown  on  a  former  occasion,*  is  not 
altogether  favorable  to  the  idea  that  those  warm  climates  were 
in  any  way  the  result  of  a  submergence  of  the  polar  land. 
Take  the  Miocene  epoch  as  an  example,  all  the  way  from  Ire- 
land and  the  Western  Isles,  by  the  Faroes,  Iceland,  Fninz-Jo- 
sepii  Land,  to  North  Greenland,  the  Miocene  vegetation  and 
the  denuded  fragmentary  state  of  the  strata  point  to  a  much 
wider  distribution  of  Polar  land  than  that  which  now  obtains 
in  those  regions. 

Mr,  Alfred  R,  Wallace  on  mild  Arctic  Climates, — The  theory 
that  the  mild  climates  of  Arctic  regions  were  due  to  an  inflow 
of  warm  water  from  intertropical  and  temperate  regions  has 
also  been  fully  adopted  by  Mr.  Alfred  R  Wallace.  But,  unlike 
-Sir  William  Thomson,  he  does  not  attribute  this  transference 
•of  warm  water  to  a  circulation  resulting  from  difference  of 
density  produced  by  difference  of  temperature,  but  to  currents 
caused  by  the  impelling  force  of  the  wind. 

Mr.  Wallace  shares  in  the  opinion  now  entertained  by  a  vast 
number  of  geologists  that  during  the  whole  of  the  Tertiary 
period  the  climate  of  the  north  temperate  and  polar  regions  was 
uniformly  warm  and  mild,  without  a  trace  of  any  intervening 
epochs  of  cold.  According  to  him  there  were  no  glacial  or  inter- 
glacial  periods  during  Tertiary  times.  In  this  case  he,  of  course, 
does  not  suppose  that  the  inflow  of  warm  water  into  Arctic 
regions,  on  which  the  mild  condition  of  climate  depended,  was 
in  any  way  due  to  those  physical  agencies  which  came  into  ope- 
ration during  an  interglacial  period.  Mr.  Wallace  accounts  for 
the  mild  Arctic  climate  during  the  Tertiary  period  by  the  sup- 
position that  at  that  time  there  were  probably  several  channels 
-extending  from  equatorial  to  arctic  regions  through  the  eastern 
*Geol.  Mag.,  September,  1878, 
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and  western  continents,  allowing  of  a  continuous  flow  of  inter- 
tropical water  into  the  Arctic  Ocean.  Mr.  Wallace  expresses 
his  views  on  the  point  thus : — 

"  The  distribution  of  the  Eocene  and  Miocene  formations  shows 
that  during  a  considerable  portion  of  the  Tertiary  period  an 
inland  sea,  more  or  less  occupied  by  an  archipelago  of  islands, 
extended  across  Central  Europe  between  the  Baltic  and  the 
Black  and  Caspian  Seas,  and  thence  by  narrower  channels  south- 
eastward to  the  valley  of  the  Euphrates  and  the  Persian  Gulf, 
thus  opening  a  communication  between  the  North  Atlantic  and 
the  Indian  Ocean.  From  the  Caspian  also  a  wide  arm  of  the  sea 
extended  during  some  part  of  the  Tertiary  epoch  northwards  to 
the  Arctic  Ocean ;  and  there  is  nothing  to  show  that  this  sea  may 
not  have  been  in  existence  during  the  whole  Tertiary  period. 
Another  channel  probably  existed  over  Egypt  into  the  eastern 
basin  of  the  Mediterranean  and  the  Black  Sea ;  while  it  is  proba- 
ble that  there  was  a  communication  between  the  Baltic  and  the 
White  Sea,  leaving  Scandinavia  as  an  extensive  island.  Turning 
to  India,  we  find  that  an  arm  of  the  sea  of  great  width  and 
depth  extended  from  the  Bay  of  Bengal  to  the  raoutlis  of 
the  Indus ;  while  the  enormous  depression  indicated  by  the  pres- 
ence of  marine  fossils  of  Eocene  age  at  a  height  of  16,500  feet  in 
Western  Tibet  renders  it  not  improbable  that  a  more  direct  chan- 
nel across  Afglianistan  may  have  opened  a  communication 
between  the  West- Asiatic  and  Polar  seas." — {^Island  Life^  p. 
184.) 

Mj  acquaintance  with  the  Tertiary  formations  of  the  globe, 
and  with  the  distribution  of  land  and  water  during  that  period, 
is  not  such  as  to  enable  me  to  form  any  opinion  whatever  either 
as  to  the  probability  or  to  the  improbability  of  the  existence  of 
such  channels  as  are  assumed  by  Mr.  Wallace.  But,  looking 
at  the  question  from  a  physical  point  of  view,  it  seems  to  me 
pretty  evident  that  if  such  channels  as  he  supposes  existed, 
allowing  of  a  continuous  flow  of  equatorial  water  into  the 
Arctic  seas,  it  would  certainly  prevent  the  formation  of  perma- 
nent ice  around  the  pole,  and  would  doubtless  confer  on  the 
arctic  regions  a  mild  and  equable  climate.  This  would  be 
more  particularly  the  case  if,  as  Mr.  Wallace  supposes,  owing  to 
geographical  conditions,  far  more  of  the  equatorial  water  was 
deflected  into  the  arctic  than  into  the  antarctic  regions. 

But  at  the  same  time  I  think  it  is  just  as  evident  that  these 
<;hannels  would  not  neutralize  the  effects  resulting  from  a  high 
state  of  eccentricity.  It  may  be  quite  true  that  the  physical 
cause  brought  into  operation  during  a  high  state  of  eccentri- 
city might  not  be  sufficient  to  reouce  the  quantity  of  warm 
water  flowing  into  the  Arctic  Ocean  to  an  extent  that  would 
permit  of  the  formation  of  permanent  ice  around  the  pole,  but 
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it  certainly  would  greatly  diminish  the  flow  into  the  Arctic 
Ocean.  Supposing  that  at  the  conamencement  of  the  last  Glacial 
epoch  the  volume  of  the  Gulf-stream  to  have  been  double 
what  it  is  at  present;  this  condition  of  things  would  not  have 
prevented  the  operation  of  these  physical  agents  which  brought 
about  the  Glacial  epoch,  although  it,  no  doubt,  would  have 
considerably  modified  the  severity  of  the  glaciation  resulting 
from  their  operation.  The  very  same  thing  would  hold  true^ 
though  perhaps  in  a  much  greater  degree  in  reference  to  the 
chaimels  assumed  by  Mr.  Wallace. 

If  the  emissive  power  of  the  sun  was  about  the  same  during 
the  Tertiary  period  as  at  present,  and  there  is  no  good  grounds 
for  supposing  it  was  otherwise,  then  the  extra  heat  possessed  by 
the  northern  temperate  and  arctic  regions  must  have  been 
derived  either  from  the  equatorial  regions  or  from  the  southern 
hemisphere,  or,  what  is  more  likely,  from  both.  If  so,  then 
the  temperature  either  of  the  southern  hemisphere  or  of  the 
intertropical  regions,  or  both,  must  have  been  auring  the  Ter» 
tiary  period  much  lower  than  at  the  present  day,  A  lowering 
of  the  temperature  of  the  equatorial  regions,  resulting  from  this 
transference  of  heat,  would  tend  to  produce  a  more  equable 
and  uniform  condition  of  climate  over  the  whole  of  the  north- 
ern hemisphere.  As  the  area  of  the  Arctic  Ocean  is  small  in 
comparison  to  that  of  the  equatorial  zone,  from  which  the  warm 
water  was  derived,  the  fall  of  temperature  at  the  equator  would 
be  much  less  than  the  rise  at  the  pole.  Supposing  there  had 
been  a  ri^e  of  say  30°  at  the  pole  resulting  from  a  fall  of  lO**" 
at  the  equator  (and  this  is  by  no  means  an  improbable  assump- 
tion), this  would  reduce  the  difference  between  the  equator  and 
the  pole  by  40°,  or  to  half  its  present  amount  We  should 
then  have  a  climatic  condition  pretty  much  resembling  that 
which  is  known  to  have  prevailed  during  at  least  considerable 
portions  of  the  Tertiary  period. 

It  is  indeed  very  doubtful  if  such  a  climatic  condition  of 
things  as  that  could"  be  brought  about  by  a  high  state  of  eccen- 
tricity wiih  the  present  distribution  of  land  and  water;  but,  on 
the  other  hand,  it  is  just  as  doubtful  whether  the  channels  of 
communication  assumed  by  Mr.  Wallace  could  have  brought  it 
about  without  the  aid  of  eccentricity. 

The  very  existence  of  so  high  a  temperature  on  the  northern 
hemisphere  during  Tertiary  times  may  be  regarded  as  strong 
presumptive  proof  that  the  geographical  conaitions  obtaining 
on  the  southern  hemisphere  were  most  unfavorable  to  the  flow 
of  intertropical  water  into  that  hemisphere.  This  may  be  one 
of  the  reasons  why  a  high  state  of  eccentricity  failed  to  pro- 
duce a  well-marked  glacial  epoch  on  the  northern  hemisphere, 
the  geographical  conditions  preventing  a  transference  of  warn^ 
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water  into  the  southern  hemisphere  sufficient  to  produce  true 
glaciation  on  the  opposite  hemisphere.  That  the  geographical 
•conditions  obtaining  on  the  southern  hemisphere  during  Ter- 
tiary times  were  probably  of  such  a  character  is  an  opinion 
advanced  by  Mr.  Wallace  himself.  "There  are,"  he  says, 
•"many  peculiarities  in  the  distribution  of  plants  and  of  some 
groups  of  animals  in-  the  southern  hemisphere,  which  render  it 
almost  certain  that  there  has  sometimes  been  a  greater  exten- 
sion of  the  antarctic  lands  during  Tertiary  times;  and  it  is 
therefore  not  improbable  that  a  more  or  less  glaciated. condition 
may  have  been  a  long-persistent  feature  of  the  southern  hemis- 

Ehere,  due  to  the  peculiar  distribution  of  land  and  sea,  which 
Ivors  the  production  of  ice-fields  and  glaciers."  (p.  192.) 

[To  be  continued.] 


Art.  VIL — An  attempt  to  determine  the  Amount  and  Rate  of 
Chemical  Erosion  taking  place  in  the  Limestone  {Catciferous 
to  Trenton^  Valley  of  Center  County^  Pa.^  and  hence  applicable  to 
similar  regions  throughout  the  Appalachian  Regions  ;  by  A.  L. 
EwiNG. 

In  the  following,  the  nature  of  the  problem  precludes  the 
idea  of  even  a  close  approximation  to  accuracy,  it  is  claimed 
however  that  these  determinations  form  a  more  reliable  basis 
than  mere  estimates. 

The  method  pursued  is  as  follows:  The  amount  of  water 
flowing  from  a  given  hydrographic  basin  in  the  region  under 
question  is  determined  from  tne  cross-section  and  velocity  of 
the  stream  draining  it.  The  amount  of  solids  in  the  water  is 
determined  by  evaporation;  these  data  with  the  area  of  the 
basin  form  the  basis  of  calculation. 

The  region  selected  is  that  of  the  Spring  Creek  basin  which 
forms  a  considerable  portion  of  the  limestone  valley  of  Cen- 
ter County.  The  measurements  were  made  above  the  old  da^ 
below  Bellefonte  and  below  the  entrance  of  all  visible  tribu- 
taries from  the  valley. 

That  a  fair  conception  of  the  region  may  be  had  a  brief 
explanation  of  its  geology  is  necei»sary.  The  region  under 
consideration  forms  a  part  of  Nittany  Valley.  This  valley, 
known  under  difierent  names,  extends  through  a  considerable 
portion  of  the  Appalachian  region,  and  consists  of  the  remains 
of  a  great  anticlinal  fold,  which  had  it  not  been  worn  down 
would  form  an  immense  mountain-like  plateau  over  20,000 
feet  above  its  present  height.  As  it  is,  the  floor  of  the  valley 
consists  of  the  upturned  edges  of  the  lower  Silurian  limestone 
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eroded  through  a  thickness  of  6,000  feet.  The  valley  i» 
jBanked  on  either  side  by  the  remnants  of  the  overlying 
Medina  Sandstone  which  forms  monoclinal  ridges  from  600 
to  1,000  feet  above  its  floor.  The  inside  slopes  of  these  moan- 
tains  are  formed  by  the  Utica  and  Hudson  Eiver  shales. 

The  ^reat  amount  of  erosion  that  has  taken  plaoe  here  is  an 
interesting  geological  topic.  That  in  early  times  it  was  mainly 
mechanical,  caused  by  the  steeper  declivities,  is  undoubtedly 
true.  The  present  topographical  features,  however,  can  not  be 
explained  without  considering  the  excessive  chemical  erosion 
of  the  limestone.  This  I  believe  is  the  opinion  of  the  geologists 
who  have  visited  the  region.  The  water  from  the  limestone 
contains  a  large  amount  of  calcium  and  magnesium  salts.  That 
from  the  State  College  well  gives  •2273  grams  per  liter  of  solids, 
over  80  per  cent  of  which  are  calcium  and  magnesium  carbon- 
ates. Sink  holes,  caves,  etc.,  are  common  as  in  other  limestone 
regions.  Still,  I  am  not  aware  that  any  attempts  have  been 
made  to  determine  the  amount  of  erosion  taking  place  by  thi& 
process,  and  hence  the  following  is  submitted. 

Average  width  of  stream  where  the  measurements  were 
taken,  22*86  meters  (Y5  £t.).  Depth,  average  of  six  measurements 
across  the  bed  of  the  stream,  '823  meters  (2*7  ft).  This  gives 
as  the  cross-section  of  the  sti;eam  18*81m'  (202*5  sq.  ft.)* 
Allowance  was  made  in  these  determinations  for  obstruction 
from  weeds,  etc. 

The  velocity  of  the  stream  was  determined  by  floating  sur- 
face particles  and  by  floating  a  long  bottle  weighted  with  shot 
at  various  depths  from  '3  m.  to  '75  m.  (the  greatest  depth  of  the 
stream  being  Im.).  The  velocity  of  the  stream  was  found 
to  be  994*776  m.  per  hour,  this  giving  18-l72m*,  as  the  amount 
of  water  removed  per  hour.  The  water  shows  on  evaporation, 
as  average  of  two  tests,  155'3  grams  per  m",  giving  2,905,974 
grams  the  amount  of  solids  removed  per  hour,  or  25,456,560 
kilos,  per  annum.  As  the  area  of  limestone  drained  by  Spring 
Creek  is  about  100  sq.  miles,  this  gives  255'654  kilos,  of  solids 
as  the  amount  removed  per  annum  per  sq.  mile.  This  is 
equivalent  to  282  tons. 

A  portion  of  the  water  carried  off  by  Spring  Creek,  however, 
falls  not  upon  the  limestone  area  considered  above,  but  upon 
the  mountains  bordering  the  valley.  Probably  one-fourth  of 
the  water  falls  upon  the  mountains.  To  show  that  the  main 
part  of  the  solids  comes  from  the  limestone,  I  had  specimens  of 
the  water  as  it  flows  from  the  mountains  evaporated.  An 
average  of  two  tests  gave  16*5  grams  per  m',  or  a  little  over 
one-tenth  of  the  amount  found  in  the  water  as  it  flows  from 
the  valley.  Thus  not  more  than  one-fortieth  of  the  solids  in 
the  Spring  Creek  water  probably  comes  from  the  mountaina. 
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Making  this  correction  it  still  leaves  276  tons  per  sq.  mile  as  the 
amount  annually  removed  in  solution. 

A  closer  approximation  could  be  made  by  continuing  obser- 
vations similar  to  the  above  through  a  period  of  lime,  say  for 
one  year.  To  get  the  amount  of  water  carried  off  in  a  year  this 
would  be  necessary.  Yet  it  is  evident  that  the  amount  of  solids 
carried  away  in  solution  is  much  more  constant  than  the  amount  of 
water  flowing  through  the  stream  ;  as  in  times  of  freshet  or  exces- 
sive flow  there  is  a  larger  proportion  of  surface  water,  while  in 
times  of  diminished  flow  a  rt- latively  larger  portion  of  the  water 
reaches  the  stream  through  ^underground  drainage  and  must 
contain  more  solids.  Hence  the  above  number,  2Y5  tens  per 
sq.  mile,  may  be  taken  as  a  fair  approximation  to  the  amount  of 
material  actually  removed  per  annum  in  this  and  similar 
regions. 

According  to  the  above  determinations  and  assuming  tihat 
the  solids  removed  have  a  specific  gravity  of  2  8,  we  get  as  the 
cubic  contents  of  the  mass  removed  from  the  entire  basin 
9,180'5m*,  or  91'3m"  per  sq.  mile  per  annum,  making  the 
deduction  as  before  of  one-fortieth  for  the  amount  brought  from 
the  mountains;  and  conceiving  the  remainder  to  be  spread 
evenly  over  the  surface  it  would  form  a  layer  gg}^g  of  a  meter 
in  thickness.  Hence  to  lower  the  surface  to  the  extent  of  1  m. 
by  this  process  would  require  29,173  years,  or  about  9,000 
years  to  remove  one  foot  from  the  surface. 

It  is  safe  to  assume  that  had  the  rocks  of  this  region  been 
similar  to  those  of  the  bordering  mountains  in  their  nature  and 
power  to  resist  dynamical  agencies  we  should  have  in  place  of 
Nittany  valley  a  mild  anticlinal  plateau  somewhat  above  the 
mountains  in  elevation,  say  1000  feet  above  the  present  height 
of  the  valley.  The  erosion  in  the  valley  then  in  excess  of  ihat 
along  the  mountains  has  been  mainly  chemical  and  at  least 
1000  feet  of  limestone  has  been  thus  removed.  A  simple 
further  deduction  shows  that  accordingly  Nittany  valley  has 
been  1,000,000  years  in  process  of  formation. 

The  limestone  erosion  could  not  begin  before  the  latter  stages 
of  the  Mesozoic  era,  possibly  not  before  the  Cenozc'ic  era,  as 
sufficient  time  must  have  elapsed  subsequent  to  the  Carbonif- 
erous age  to  erode  all  formations  of  the  Paleozoic  era  above- 
the  Trenton  limestones.  One  million  years  seems  not  incon- 
sistent with  other  estimates  of  geological  time;  still  these  calcu- 
lations respecting  time  are  an  afterthought  and  supplementary 
to  the  main  point  intended  to  be  shown  in  this  paper,  viz:  the- 
rate  and  amount  of  chemical  erosion  of  limestone. 


Digitized  by 


Google 


32       E.  O.  Smith — ChrysotHe  from  Shipton^  Ccuaada. 


Art.  VIIL — On  the  Chrysotile  from  Shipton,  Canada;  by 
Erastus  G.  Smith,  Phi). 

There  has  recently  corne  into  my  possession,  through  the 
kindness  of  Mr.  W.  H.  Jeffreys  of  Bichmond,  several  specimens 
of  the  fibrous  variety  of  serpentine  or  chrysotile  from  the 
above  named  locality.  So  well  characterized"  were  the  speci- 
mens, and  diligent  search  failing  to  discover  any  analyses  or 
-description  of  the  properties  of  the  mineral  from  this  locality, 
an  examination  was  instituted  with  results  appended  below. 

Serpentine  is  commonly  met  with  through  many  portions  of 
the  Province  of  Quebec,  occurring  either  as  large  deposits  of  the 
coihparatively  pure  mineral  or  more  generally  mixed  with 
other  minerals,  notably  calcite  and  chromita  Chromite  espe- 
cially appears  to  be  almost  always  present  in  the  serpentine  of 
the  Silurian  rocks. 

The  fibrous  variety  of  serpentine  or  chrysotile  generally 
spoken  of  as  '^asbestus,"  appears  to  be  distributed  also  in 
almost  unlimited  quantities  through  many  of  the  southeastern 
townships,  notably  at  Thetford  and  Coleraine.  (See  Report  of 
•Geological  Survey  of  Canada,  1881^2,  G.G.,  pp.  6-8). 

The  chrysotile  from  Shipton  seems  to  he  of  much  the 
same  character  both  in  appearance  and  mode  of  occurrence.  It 
occurs  in  narrow  veins  of  from  one  to  four  inches  in  width 
traversing  the  solid  serpentine.  These  veins  possess  little  or  no 
regularity,  often  abruptly  terminating.  The  fibers  run  trans- 
versely, improving  in  quality  as  the  mineral  recedes  from  the 
surface  of  tne  ground.  In  appearance  the  chrysotile  has  a  fine 
silky  luster,  varying  in  color  from  a  deep  green  to  a  pale  yel- 
low. The  fibers  can  be  easily  separated  from  each  other,  form- 
ing a  soft  voluminous  wool-like  mass.  Before  the  blow-pipe  it 
is  fusible  only  with  the  very  finest  fibers.  It  yields  water 
readily  on  ignition,  being  at  first  blackened  and  finally  assum- 
ing a  dull  brown  color.  The  ignited  mass  loses  its  fibrous 
character  and  crumbles  easily  beneath  the  fingers.  The 
reaction  for  iron  is  always  marked  and  with  some  specimens  that 
for  chromium  also,  though  as  will  be  noticed,  the  particular 
specimens  analyzed  gave  no  chromium  reaction.  This  varia- 
ble reaction  is  accounted  for  by  the  fugitive  presence  of 
chromite  in  the  vicinity,  which  as  already  noted,  so  often 
accompanies  the  Canada  serpentines. 

Two  specimens  were  selected  for  analysis:  I.  Dark  green,  sp. 
gr.  2-142  (temp.  16°  C).  II.  Pale  yellow,  sp.  gr.  2-286 
<temp.  16°  C). 
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These  analyses  establish  clearly  the  identity  of  this  mineral 
with  the  chrysotile  from  other  localities,  as  can  be  readily  con- 
firmed by  comparing  them  with  the  analyses  already  published. 

Chemical  Laboratoiy  of  Beloit  College,  Beloit,  Wisconsin,  Nov.  28,  1884. 


Abt.  IX. — The  Santa  Caiharina  Meteorite;  by  Orville 
A.  Derby. 

Having  recently  undertaken,  in  company  with  Mr.  Luiz 
Gonzaga  de  Campos,  an  examination  of  the  Brazilian  meteorites 
preserved  in  the  National  Museum  of  Rio  de  Janeiro,  in  which 
that  gentleman  has  taken  charge  of  the  chemical  and  I  of  the 

f)hy8ical  part  of  the  work,  I  have  had  occasiot^  to  make  the 
olio  wing  observations  on  the  somewhat  famous  Santa  Cath- 
anna  meteorite  which  seem  to^  be  of  suflScient  importance  to 
warrant  publication  in  advance* of  the  more  extended  general 
memoir  tnat  we  are  now  preparing, 

M.  Daubree,  who  has  so  thoroughly  studied  the  metallic  por- 
tion of  this  meteorite,  mentions  an  ochreous  crust  in  some  of 
the  specimens*  which  he  took  to  be  of  secondary  and  terres- 
trial origin,  and  to  be  composed  of  a  mass  of  limonite  resulting 
from  the  oxidation  of  the  iron,  together  with  imprisoned  frag- 
ments of  the  disintegrated  granite  on  which  the  mass  was 
stated  to  have  rested.  Misled  by  this  conclusion  (a  very 
natural  one  if,  as  is  to  be  presumed,  the  crust  on  the  specimens 
examined  was  partially  decomposed),  he  devoted  all  his  atten- 
tion to  the  metallic  elements  with  the  brilliant  results  that  are 
so  well  known.  This  crust,  however,  when  examined  on  well 
preserved  specimens,  proves  to  be  an  essential  part  of  the 
meteorite,  in  nothing  inferior  in  interest  to  the  metallic  portion. 
Aside  from  the  many  interesting  points  of  structure  it  presents 
in  itself,  it  affords  the  best  of  proofs  that  the  mass  is  really  of 
meteoric  origin,  a  matter  which  the  peculiar  properties  of  the 
iron  bad  placed  in  doubt.  Moreover,  it  appears  to  indicate  the 
existence  of  a  new  group  of  meteorites  intermediate  in  charac- 
ter between  the  holosiderites  (composed  wholly  of  iron)  and 
the  syssiderites  (with  stony  portions  disseminated  in  a  spongy 

*  Comptes  Rendus,  yol.  Ixzziv,  p.  1508.      £tiides  synthetii^ues  de  G^Iogie 
Ezp^rimeDtale,  p.  536. 
Ax.  JouB.  Sol— Third  Sbbibs,  Vol.  XXIX  No.  169.— Jak.,  1885. 
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metallic  mass)  of  Daubr6e,  or  perhaps  rather  it  should  be  said 
that  it  throws  new  light  on  the  real  structure  of  the  former. 

This  crust  has  been  observed  in  two  forms,  which,  from  the 
aspect  presented  macroscopically,  may  be  called  provisionally, 
the  granitoid  and  the  porphyritic.     Although  the  former  has 
not,  like  the  latter,  been  observed  adherent  to  the  iron,  it  is 
evidently  the  primitive  form  and  will  be  described  first     It 
consists  essentially  of  olivine  in  small  glassy  crystalline  frag- 
ments  and  of  plagioclase  feldspar  (apparently   anorthite)    in 
grains  up  to  6  or  8  millimeters  in  diameter.     It  is  traversed  by 
fine  veinletsof  black  limonite  which  has  also  stained  the  mass 
red  so  that  it  presents  the  appearance  of  ordinary  half  decom- 
posed granite.    Under  the  microscope  it  has  the  aspect  of  a  por- 
phyry, the  clear  grains  of  olivine  and  such  of  the  plagioclase 
as  has  escaped  decomposition  standing  out  brilliantly  in  a  dark 
opaque  groundmass  consisting  of  limonite  and  of  decomposed 
feldspar,  and  perhaps  also  of  other  decomposed  silicates  and  of 
an  original  glassy  groundmass,  if  the  rock  contained  them.  The 
olivine  grains  are  beautifully  clear  but  much  fractured,  showing 
along  the  cracks  a  yellow   discoloration    which   occasionally 
presents  a  beautiful  botryoidal  appearance.     The  specimens  of 
this  rock  have   unfortunately    been    hammer-dressed,  so  that 
they  show  nothing  of  the  original   surface.     They  represent, 
however,  a  thickness  of  several,  centimeters  at  least.     No  grains 
of  metallic  iron  have  thus  far  been  detected  in  them',  but  as 
points  of  the  rock  exert  a  slight  influence  on    the   magnetic 
needle,  their  presence  is  suspected.     Minute  grains  that  appear 
to   be  magnetite  have  been    separated  with  the   magnet,  but 
have  not  yet  been  examined.     The  porphyritic  rock  forms  a 
crust,  1  to  2  centimeters  thick,  completely  enveloping  an  oblong 
rounded  mRSS  of  iron,  18  centimeters  long  and  10  centimeters 
in  diameter.     This   crust  scales  off  readily,  taking  always  a 
portion  of  the  iron  with  it     Small  fragments  of  iron  are  also 
scattered  through   it     The  surface  of  this  crust  being  some- 
what decomposed  and  ochreous,  the  appearance  of  the  entire 
mass,  which  may  be  called  a  meteoric   individual,  as  it   has 
evidently  not  been  broken  from  a  larger  mass  since  the  fall,  is 
that  of  the  concretionary  masses  of  limonite  common  in  decom- 
posed granite  and  elsewhere.     This  is  a  true  porphyry   con- 
sisting of  grains  of  olivine  with  rare  fragments  of  plagioclase 
scattered  in    a  darjc  glassy  groundmass  which  can  only  with 
difiicuUy  be  rendered  transparent,    when   it   presents   a  light 
reddish  color.     The  mass  is  somewhat  scoriaceous  from   the 
presence  of  numerous  rounded  cavities,  and  the  glass  presents 
a  fluidal  structure.     The  feldspar  has  much  the  same  appear- 
ance as   in  the  granitoid  form,  that  is  to  say,  a  clear  nucleus 
surrounded  fcy  an  opaque  portion.     The  nucleus,  however,  is 
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not  troabled  as  in  that  rock,  and  the  opacity  is,  in  this  case, 
evidently  due  to  vitrification  of  the  margins  of  the  grain,  and 
not  to  decomposition  as  in  the  case  of  the  granitic  rock. 

In  order  to  verify  the  idea  that. was  at  once  suggested,  that 
this  porphyritic  rock  was  the  result  of  the  partial  fusion  of  the 
granitoid,  I  attempted  to  reproduce  the  peculiarities  it  presents. 
Taking  quartz  to  represent  the  infusible  element  and  labra- 
doriie  for  the  fusible,  I  made  a  mixture  of  these  minerals 
broken  into  small  fragments,  but  not  ground,  adding  some 
scraps  of  iron  turnings  and  fragments  of  magnetic  pyrites. 
After  an  incomplete  fusion,  the  characters  above  mentioned 
were  found  to  be  very  satisfactorily  reproduced.  The  principal 
diflFerences  noted  were  that  the  glass  was  clearer  and  that  those 
grains  of  feldspar  which  escaped  complete  vitrification  were,  for 
the  most  part,  more  troubled,  many  of  them  becoming  quite 
opaque  and  with  an  abundant  development  of  microlites. 

It  appears  therefore  that  this  meteorite  presents  a  mixture  of 
metallic  and  siliceous  elements  combined  in  a  way  that  has  not 
hitherto  been  n«)ticed,  and  that  the  stony  portion  also  presents 
a  new  type  of  structure  in  which  olivine  and  plagioclase  are  the 
predominant  elements.  The  partial  vitrification  of  the  stony 
portion  seems  to  afford  unequivocal  evidence  of  the  meteoric 
origin  of  the  mass.  The  presence  of  silicates,  in  part  fusjble, 
which  would  form  a  crust  of  low  conducting  power  about  the 
iron  will  enable  us  to  account  satisfactorily  for  the  low  mag- 
netism of  portions  of  the  mass  noted  by  Lawrence  Smith  and 
Becquerel,*  which  led  them  to  infer  that  the  iron  had  crystallized 
below  a  red  heat,  a  fact  which  it  would  be  difficult  to  reconcile 
with  the  incandescence  of  meteorites,  if  the  mass  had  been 
composed  exclusively  of  metal.  It  ma  be  reasonably  inferred 
that  diflferent  portions  of  the  mass  will  be  found  to  vary  in 
magnetic  properties.  It  is  hoped  that  material  for  investiga- 
ting this  and  other  questions  may  be  obtained  in  a  visit  which 
Mr.  Campos  will  shortly  make  to  the  place  of  fall  for  the 
.  purpose  of  collecting  facts  for  the  full  history  of  this  inter- 
esting meteorite. 

The  observations  here  presented  suggest  the  suspicion  that 
other  large  iron  meteorites  may  present  something  analogous, 
and  it  is  hoped  that  an  opportunity  may  shortly  be  afforded  for 
examining  the  famous  Bemdego  meteorite  which,  judging 
from  the  descriptions  of  Mornay  and  of  Spix,  and  Martius, 
<;ontains  stony  portions.  The  former  mentions  a  crust  on  the 
lower  portion,  and  the  latter  state  that  it  rested  on  a  mass  of 
granite  fragments,  which,  in  view  of  the  above  facts,  may  be  sus- 
pected to  have  belonged  to  it.  Both  mention  masses  of  quartz 
embedded  in  the  iron  which  are  most  probably  of  olivine. 

•Comptes  Rendus,  vol.  xciii,  p.  794,  1881.    This  Journal,  March,  1882. 
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Art.  X. — The  Gravels  of  the  Southern  Delaware  Peninsula;  by 
Frederick  D.  Chester. 

In  a  former  number  of  this  Journal  (March,  1884),  under  the 
title  of  "7%e  Quaternary  Gravels  of  Northern  Delaware  and  East- 
ern Maryland^''  the  writer  described  those  deposits  known  as  the 
Red  Sand  and  the  Philadelphia  Brick  Clay,  which  cover  to- 
great  depths  the  underlying  formations  of  New  Castle  and 
Cecil  Counties.  Later  investigations  in  connection  with  a  geo- 
logical survey  of  Delaware  lead  us  to  consider  the  surface 
deposits  of  the  peninsula  as  a  whole;  and,  although  this  paper 
is  intended  as  a  continuation  of  the  other,  it  will  be  necessary, 
first,  to  review  very  briefly  some  of  the  facts  previously 
brought  out,  before  describing  in  detail  the  phenomena  of  the 
southern  area.  The  surface  formations  of  the  peninsula  may 
be  classed  as  follows : 

1.  High  Level  or  Bryn  Mawr  Gravel Cretaceous? 

(  Red  Sand. 

2.  Delaware  Gravels •<  Quaternary. 

(  Philadelphia  Brick  Clay. 

3.  Estuary  Sands Quaternary. 

•  4.  Bog  Clay Modern. 

A  Review  of  the  Northern  Area. 

High  Level  Gravels. — In  travelitig  over  the  highlands  of 
Northern  Delaware,  just  back  of  the  old  terrace  line  of  the 
succeeding  Post-Glacial  formation,  one  is  liable  to  come  upoQ 
solitary  patches  of  gravel,  varying  in  area  from  a  few  hundred 
square  feet  to  several  acres.  They  do  not  always  form  strata 
oi  definite  depth,  but  often  the  rounded  pebbles  are  found 
mixed  with  a  predominating  quantity  of  angular  material,  in 
situ,  while  again,  in  other  places,  a  well  defined  deposit  may  be 
traced,  as  in  the  northeast  part  of  the  State,  over  a  large  area, 
of  several  square  miles.  The  gravel  is  made  of  highly  water- 
worn  quartzose  and  quartzitic  pebbles,  associated  with  a  con- 
siderable amount  of  ferruginous  grit  and  conglomerate. 

As  regards  the  position  and  extent  of  these  isolated  patches^ 
there  seems  to  be  no  law,  but  capping  as  they  do  the  highest 
points  of  the  hills,  which  rise  from  350  to  400  feet  above  tide 
water,  it  is  probable  that  they  represent  the  remnants  of  a  once 
coniinuous  patch.  The  same  formation,  as  shown  by  other 
geologists,  extends  over  the  heights  of  Southeastern  Pennsyl- 
vania, Southern  New  Jersey,  and  the  District  of  Columbia, 
indicating  a  considerable  ingress  of  the  sea  shore  line.  As  far 
as  Delaware  is  concerned,  we  can  say,  that  during  the  Bryo 
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Mawr  period  the  State  was  submerged  to  a  great  depth,  prob* 
ably  much  greater  than  the  maximum  limits  in  Delaware  indi* 
cate.  The  exact  outline  of  this  old  sea,  extending  far  within 
the  bounds  of  other  States  must  be  traced,  as  it  will  be,  by  the 
work  of  the  several  geologists  engaged  upon  this  particular 
field,  and  the  results  will  be  eagerly  looked  for. 

The  question  of  the  age  of  the  High  Level  Gravels  is  one  of 
much  interest.  The  extreme  erosion  which  they  have  suffered, 
that  isolated  patches  might  be  produced,  is  alone  sufficient 
proof  of  their  great  age.  If  they  once  formed  a  continu- 
ous layer,  covering  the  tilted  Archaean  rocks,  thew  hole  topog- 
raphy of  that  area  must  have  been  produced  since  their 
deposition — the  depth  of  erosion  in  Delaware  amounting  to  a 
maximum  of  800  feet  Prof.  W.  M.  Fontaine  has  described* 
a  similar  gravel  found  covering  the  Azoic  areas  of  Virginia. 
It  occurs  as  solitary  patches  along  the  western  margin  of  all 
the  interior  belts  of  the  Mesozoic,  the  materials  being  bowlders 
and  conglomerates  of  the  Potsdam,  Azoic  and  Mesozoic  rocks, 
imbedded  in  a  stiflF  clay.  That  these  patches  represent  the 
eroded  edges  of  Mesozoic  strata,  would  be  gathered  from 
Professor  Fontaine's  statements.  The  origin  of  the  materials, 
particular!}'  the  large  bowlders,  is  supposed  to  be  from  glaciers 
descending  the  eastern  slopes  of  the  AUeghanies  in  later 
Jurassic  time.  The  same  gravel  is  said  by  Professor  FontJiine 
to  extend  as  far  north  as  the  heights  around  Washington, 
where  it  is  known  to  be  contemporaneous  with  the  hi«;h  level 
gravel  of  Delaware  and  Southeastern  Pennsylvania.  Thus  we 
have  one  continuous  line  of  gravel  patches  bordering  the 
western  edge  of  the  Mesozoic  and  extending  from  Virginia  to 
New  Jersey.  The  careful  labors  of  Mr.  W.  J.  McGee  of  the 
U.  S.  Geological  Survey  upon  the  High  Level  Gravels  in  the 
neighborhood  of  Washington  are  quite  in  accordance  with  the 
view  of  their  late  Jurassic  or  Lower  Cretaceous  age,  although 
the  writer  does  not  feel  at  liberty  to  make  any  special  use  of 
Mr.  McGee's  results  previous  to  their  publication. 

Mr.  C.  E.  Hall  in  his  Report  on  Southeastern  Pennsylvania 
has  expressed  the  view  that  the  Mesozoic  strata  lying  to  the 
southeast  once  extended  far  to  the  northwest,  so  as  to  overlie 
the  Azoic,  and  that  these  isolated  patches  may  represent  the 
remnants  of  this  former  extension.  Thus  far  t  think,  that  in 
absence  of  direct  evidence  regarding  the  age  of  the  gravels  we 
are  led  to  regard  them  as  more  probably  of  late  Jurassic  or 
early  Cretaceous. 

Considering  again  the  great  erosion  which  the  High  Level 
Gravels  have  suffered,  it  is  interesting  to  enquire  into  what  has 
become  of  the  portion  removed.     No  doubt  it  has  suflfered  re- 

•  Mesozoic  Strata  of  Virginia.     This  Jouraal,  III,  vol.  xvii,  p.  31. 
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deposition  by  the  waters  of  succeeding  time.  The  writer  has 
consequently  looked  throughout  the  Tertiary  for  evidence 
bearing  upon  this  point,  and  has  been  to  some  degree  success- 
ful. From  numerous  records  of  well-diggings,  it  is  found  that 
fragments  of  similar  grit,  called  by'the  people  "iron  ore,'*  are 
seen  in  the  white  Tertiary  sand,  but  whether  they  are  re  depos- 
ited Bryn  Mawr  is  a  point  upon  which  the  utmost  confidence 
cannot  as  yet  be  placed.  Yet  ihe  abundance  of  well  rounded 
fragments  of  conglomerate  everywhere  throughout  the  Dela- 
ware Gravels  points  in  numerous  cases  to  indisputable  Bryn 
Mawr  origin.  The  great  difficulty,  however,  in  the  way  of 
recognizing  such  identity  is  their  confusion  with  similar  frag- 
ments formed  at  present  by  the  action  of  ferruginous  waters 
upon  sand  and  pebbles,  but  particularly  by  the  segregation  of 
crusts  within  the  substance  of  quartzitfc  bowlders.  Notwith- 
standing these  difficulties  there  can  be  little  doubt  but  that 
many  of  the  representatives  of  the  Delaware  Gravels  had  their 
source  in  the  older  High  Level  formation. 

Delaware  Oraveh. — Passing  along  the  slope  of  the  old  Azoic 
hills,  which  trend  in  a  northeast  and  southwest  direction,  be- 
tween the  Delaware  and  the  Susquehanna  rivers,  a  dij^iinct 
terrace  line  can  be  traced,  rising  upon  an  average  of  200  feet 
above  the  river,  but  increasing  in  its  altitude  toward  the  west 
and  presenting  throughout  its  entire  len>yth  a  more  or  less 
ragged  outline,  due  to  the  subsequent  decay  of  the  hill-slopes 
upon  which  it  rests.  This  shore  line  marked,  as  we  know,  the 
head  of  a  Post-glacial  estuary,  into  which  the  swollen  Dela- 
ware  poured  its  mass  of  debris.  The  deposit  thus  made,  purely 
fluviatile  in  origin,  yet  spread  over  an  estuary  floor,  we  have 
called  the  Delaware  gravels.  It  consists,  as  we  have  seen,  of 
an  upper  layer  of  brick  clay  containing  in  most  cases  a  large 
amount  of  fine  and  coarse  gravel,  cobble  stones,  and  bowlders, 
with  many  features  characteristic  of  the  bowlder  clay  and  hav- 
ing a  uniform  thickness  of  from  two  to  three  feet.  Beneath 
this  is  a  thick  stratum  of  highly  ferruginous  sand  and  gravely 
exhibiting  eminent  stratification,  with  oblique  laminations,  or 
flow-and-plunge  structure,  having  an  average  depth  of  twenty- 
five  feet.  These  Delaware  gravels  are  spread  out  from  the 
shore-line  over  all  the  northern  part  of  the  peninsula,  of  which 
a  detailed  description  has  already  been  given. 

Bog  Clay. — By  passing  up  and  down  the  Delaware  River, 
one  notices  at  a  variable  distance  of  from  one-quarter  to  a 
couple  of  miles,  a  low  terrace,  having  an  altitude  above  the 
river  of  from  twenty  to  thirty  feet.  Its  course  is  usually  very 
winding,  sometimes  bending  almost  to  the  river,  and  again 
extending  far  inland  and  winding  around  so  as  to  form  broad 
and  deep  enclosures.     This  secondary  terrace  line  is  but  aa 
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abrupt  termination  of  the  rolling  gravels  extending  down  from 
the  upland  terrace.  It  marks  the  last  stage  in  the  retreat  of 
the  estuarj  waters.  Beneath  this  lowest  terrace  and  that  ter- 
race some  200  feet  higher  up  and  several  miles  to  the  north,* 
are  traced  a  number  of  indistinct  intermediate  terrace  lines. 
One  of  these,  rising  some  sixty  feet  above  the  river,  can  be 
followed  from  Wilmington  for  twenty  miles  or  more  to  the 
south,  keeping  for  the  greater  portion  of  its  length  the  course 
of  the  Delaware  railroad.  From  the  lowest  river  terrace  of  red 
gravel,  the  same* deposit  is  seen  to  dip  beneath  a  uniform  bed 
of  black  clay,  and  is  always  struck  in  the  digging  of  deep 
drainage  trenches  dong  the  shore.  A  deposition  of  the  same 
bog  clay  is  now  going  on  by  means  of  flood-tide,  whenever  the 
land  is  unprotected  by  earth  dikes.  It  is  this  impervious  layer 
which  forms  the  basis  of  all  the  undrained  marsh  land  of  the 
river  and  bay  shore. 

Phenomena  of  the  Southern  Area. 

Qeneral  considerations,  —  Beginning  with  the  latitude  of 
Appoquinimink  Creek,  which  marks  the  southern  boundary  of 
New  Castle  County,  Del.,  and  extending  to  the  lowermost 
limits  of  the  peninsula,  we  have  an  area  comprising  over  four- 
fifths  of  the  efitire  peninsula.  Yet  so  much  of  what  is  observed 
within  the  larger  territory  being  bift  a  repetition  of  what  occurs 
to  the  north,  the  subject  of  the  gravels,  in  the  way  it  is  treated, 
is  about  equally  divided.  Generally  speaking,  we  may  say 
that  from  the  northern  limit  above  indicated  to  about  the  lati- 
,tude  of  Dover,  the  region  is  covered  by  both  members  of  the 
Delaware  gravels^  with  their  usual  thickness  well  maintained 
throughout.  They  are  very  morainic  in  their  characters, 
rising  into  elevations  sometimes  reaching  fifty  feet,  with  corre- 
sponding depressions.  Over  the  surface  everywhere  are  scat- 
tered an  abundance  of  bowlders,  lar^e  and  small,  the  upper 
brick  clay  becoming  a  stratum  of  coarse  gravel  or  bowlder  clay. 
As  we  pass  to  the  south  of  Dover,  however,  appearances 
change,  the  country  becomes  gradually  less  undulating,  and 
the  gravels  less  coarse,  the  change  being  indeed  so  gradual  as 
to  be  imperceptible.  At  a  distance  as  far  south  as  Murderkill 
Creek,  the  lower  red  sand,  instead  of  being  a  coarse  gravelly 
stratum,  is  a  uniformly  coarse  sand  of  the  same  color,  and  com- 
paratively free  from  gravel.  It  is  always  overlaid  with  a  foot 
or  two  of  white  sandy  loam,  free  from  coarse  gravel,  but  con- 
taining smaller  rounded  pebbles  of  glassy  or  jaspery  quartz 
and  quartzite,  together  with  subangular  fragments  of  chert 
and  nornstone,  the  latter  being  often  fossiliferous.  Covering 
the  surface  of  the  sandy  loam,  quartzitic  bowlders  are  found, 
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but  in  less  abundance  than  over  the  northern  area.  As  we 
oontinue  southward,  even  to  the  utmost  limits  of  the  peninsula^ 
the  country  becomes  nearly  flat,  the  red  and  brown  sands  change 
to  a  lighter  color,  until  quite  white,  in  which  case  the  two 
members  of  the  gravels  merge  into  each  other.  At  numerous 
localities  within  this  region  of  white  sands,  however,  the  latter 
become  distinctly  red  and  brown  with  so  large  an  admixture 
of  gravel  as  to  become  identical  with  the  red  gravels  of  New 
Oastle  County,  in  which  case  there  is  always  an  overlying 
layer  of  white  loam  bearing  upon  its  surface  the  characteristic 
bowldera.  Often,  again,  we  see  one  thick  stratum  of  white 
sand,  in  which  are  streaks  of  red  in  varying  quantity,  while 
oftener  still,  the  white  sand  assumes  a  slightly  reddish  tinge. 

Origin  of  the  Southern  Sand  and  QraveL — From  the  above 
facts,  there  can  be  no  doubt  but  that  the  white  sands  which 
cover  over  one-half  of  the  area  of  the  peninsula  are  contem- 
poraneous with  the  Delaware  gravels;  but  the  two  differ  en- 
tirely as  regards  origin.  While  the  Delaware  gravels  were  a 
fluviatile  deposit  spread  out  over  the  upper  portion  of  the  estu- 
ary floor,  the  white  sands  were  of  marine  origin,  the  deposition 
ta&ing  place  at  the  broad  mouth  of  the  estuary  and  at  a  con- 
siderable distance  out  in  the  open  sea.  The  probable  truth  of 
this  statement  is  further  shown  by  the  finding  of  modem 
marine  shells  in  the  lower  part  of  the  white  loam,  near  its  junc- 
tion with  the  tertiary  blue  clay,  of  which  mention' will  be  made 
shortly. 

To  account  for  the  intimate  mingling  of  the  red  gravel  with 
the  white  sands,  we  suppose  that  as  the  red  gravel  from  the 
north  met  the  morainic  sands  of  the  south,  the  two  became 
mixed,  thus  producing  a  gradual  merging  of  the  one  into  the 
other.  Further,  outcoming  tides  would  carry  loads  of  the 
fluviatile  red  gravel  far  to  the  south,  where  it  would  become 
interstratified  with  the  white  sand. 

This  lower  deposit  of  white  sand  and  gravel  we  shall  desig- 
nate the  Estuary  sands. 

Professor  J.  C.  Booth,  in  his  Report  upon  Delaware  (1841), 
attributed  the  white  estuary  sand  to  the  destruction  of  ancient 
dunes  which  have  gradually  been  blown  far  inland.  The  basis 
of  that  theory  was  the  finding  of  dunes  as  far  to  the  west  as 
the  town  of  Seaford,  and  the  observation  there  and  elsewhere 
of  a  similarity  between  these  sands  and  those  which  formed  the 
universal  covering.  This  hypothesis  is,  I  think,  a  mistaken 
one.  In  the  first  place,  dune  sand  is  entirely  free  from  fine 
and  coarse  pebbles.  A  careful  study  by  the  writer  of  the 
dunes  of  the  coast  revealed  no  pebbles  even  as  large  as  one- 
half  inch  in  diameter,  while  the  estuary  sands  revealed  every- 
where an  abundant  mixture  of  pebbles  of  this  size  with  a 
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smaller  quantity  of  quartzitic  pebbles  from  one*half  to  tbr^ 
inches  in  diameter;  and  in  still  rarer  cases,  as  at  Milford  and 
Seaford,  cobblestones  and  small  bowlders  have  been  dug  out 
of  the  white  and  red  sand  deposit.  Bowlders  are,  furthermore, 
everywhere  found  covering  the  surface  of  the  estuary  sands  to 
even  the  southernmost  limit,  some  of  the  largest  being  found  at 
Snow  Hill,  Md.  They  therefore  must  have  been  dropped  by 
ice- rafts  borne  upon  the  waters  of  the  Post-Glacial  estuary,  in 
which  were  deposited  the  while  sand  and  gravel  upon  which 
they  lie.  In  the  neighborhood  of  Seaford,  one  may  readily 
perceive  the  relation  of  the  dunes  to  the  estuary  sand. 

While  the  former  are  extremely  loose  and  fine,  free  from 
even  the  smallest  pebbles,  the  latter  is  a  rather  coarse  loam, 
containing  enough  clay  to  hold  it  together  and  sometimes  to 
pack  hard,  mixed  with  a  due  proportion  of  fine  gravel.  In- 
stead of  the  meridional  sand  hills  having  been  produced  by 
the  blowing  in  of  that  material  from  the  sea,  it  seems  more 
probable  that  they  were  made  by  the  shifting  and  accumula- 
tion of  the  finer  particles  of  the  estuary  deposit.  As  the  sur- 
face of  this  sand  stratum  becomes  dry,  there  is  seen  to  form  a 
thin  film  or  efflorescence  of  fine  white  sand  which  the  writer  has 
observed  is  readily  taken  up  by  the  wind  and  shifted  in  vari- 
ous directions.  Any  slight  obstacle,  such  as  a  fallen  tree, 
would  form  a  barrier  or  nucleus  of  accumulation,  from  which 
might  grow  a  dune  of  considerable  size.  This  must  appear  to 
any  careful  observer  the  origin  of  the  interior  dunes  of  the 
Delaware  peninsula. 

The  age  of  iixt  Estuary  sands. — The  estuary  sands  forming  a 
stratigraphical  continuation  of  the  Delaware  gravels  are  con- 
temporaneous with  them,  while  this  latter  material,  finding  its 
source  in  the  fluviatile  gravels  of  the  Delaware  river  valley,  is 
undoubtedly  Post  glacial,  especially  as  the  vast  amount  of 
bowlder  drift  associated  with  it  can  have  none  other  than  an 
iceberg  origin.  But,  besides  this  proof  of  age,  we  have  that 
which  is  still  more  certain. 

In  the  lower  part  of  the  estuary  sands  near  its  junction  with 
the  clay  have  been  found  nests  of  modern  shells,  of  which  the 
most  common  species  is  the  modern  oyster  (0.  Virginicd). 
These  have  been  found  in  some  four  or  five  localities  of  Sussex 
County.  Near  Dagsborough  a  nest  of  broken  fragments  of  the 
oyster  shell  was  found,  with  which  were  also  well  preserved 
specimens  of  the  Tritia  tnvittaia  and  Urosalpinx  cinerea,  well- 
known  littoral  gastropods  still  living  upon  the  Atlantic  coast 
In  Baltimore  Hundred  the  oyster  shell  was  found  associated 
with  Venus  mercenaria  and  Fulgur  canaliculatus.  For  an  exam- 
ination of  these  modern  shells  from  the  Estuary  sands,  I  am 
indebted  to  Professor  Angelo  Heilprin. 


Digitized  by 


Google 


42         F,  D,  Chester — Orwvels  of  Southern  Delaware. 

Local  details, — In  the  vicinity  of  Smyrna  and  from  the  west- 
ward to  the  State  boundary,  the  Delaware  Gravels  become 
unusually  coarse,  attaining  a  thickness  of  from  30  to  35  feet. 
The  bowlders,  cobble  stones  and  pebbles  are  of  both  glassy 
and  quartzitic  varieties,  the  latter  running  into  a  ferruginous 
conglomerate  and' sandstone.  Two  miles  west  of  Clayton  one 
bowlder  of  conglomerate  was  found  to  measure  3^x2' X IV 
with  which  were  subangular  fragments  of  coarse  granite  and 
cellular  quartz  similar  to  buhrstone.  At  Dover  the  same 
coarse  gravels  continue,  and  rise  as  moraines  of  considerable 
size.  A  fresh  cutting  within  the  limits  of  the  town  gave  the 
following  section : — 

1.  A  black  sandy  loam 9'--0' 

2.  A  sandy  brick  clay    1*5' 

3.  A  red  sand  compactly  bedded 26' 

4.  A  blue  clay — Tertiary. 

Along  Jones  Creek  the  gravels  rise  as  high  bluffs,  and  cai> 
be  well  studied.  The  pebbles  are  usually  quartzitic,  very  -com- 
monly finely  laminated,  but  with  a  considerable  admixture  of 
the  glassy  varieties,  also  yellow  and  black  jasper.  The  less 
common  pebble  and  bowlder  representatives  are — red,  yellow 
and  brown  friable  sandstone,  fragments  of  pudding  stone  and 
ferrujiinous  grit,  gneiss,  granite,  trap,  and  white  compact  crystal- 
line limestone. 

Very  commonly  over  the  surface  are  found  rounded  and 
subangular  pebbles  and  slabs  of  a  greenish  or  brownish  argil- 
laceous sandstone,  very  similar  to  the  Chemung.  They  fre- 
quently contain  excellent  specimens  of  the  Spinfer  mucronalus^ 
and  one  piece  exhibited  to  the  writer  a  species  of  Leptoina. 
Another  slab  showed  markings  which  appeared  to  be  indis- 
putable glacial  scratches.  At  the  Dover  railway  station,  in  a 
fresh  cutting,  the  red  sand  showed  beautiful  examples  of  both 
oblique  laminations  and  flow-and-plunge  structure.  Well 
rounded  bowlders  of  both  vitreous  quariz  and  quartzite  are 
common,  many  of  them  weighing  not  less  than  500  pounds. 
Between  Harrington  and  Miltoni,  we  are  well  within  the  region 
of  white  sands,  but  adjacent  to  Milford  the  reii  sand  is  abund- 
antly interstratilied  with  the  white  with  which  are  also  occa- 
sional seams  of  coarse  pebbles,  thus  giving  the  deposit  a  higlily 
gravely  aspect.  At  Bridgeville,  the  interstratified  seams  of ' 
red  sand  are  equally  well  developed,  but  the  usual  surface 
deposit  is  a  coarse  gray  sand  which  here  attains  a  thickne.'ss  of 
over  twenty  feet.  At  Seaford,  a  little  farther  south,  the  gray 
sands  reacli  an  equal  thickness.  At  the  railway  station  of  the 
above  place  we  got  the  following  section  : — 
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1.  Red  and  white  sand 6' 

2.  Quartzilic  pebbles 2'  ± 

3.  Red  sjiud --. 4' 

4.  Irregular  layer  of  pebbles — level  of  run 3'^ 

Passing  to  the  east  of  both  Seaford  and  Bridgeville,  and  to 
the  neighborhood  of  Georgetown,  the  white  sand  maintains  the 
same  character,  but  shows  less  thickness,  varying  from  3  to  15 
feet  with  an  average  of  about  8.  Between  Georgetown  and 
Lewes,  the'  sands  are  commonly  of  a  slightly  reddish  tinge, 
running  into  white,  and  again  into  sand  of  a  distinctly  red  or 
brown  color.  Three  miles  from  Georgetown  the  road  to  Lewes 
cots  through  a  hill  of  coarse  gravel,  which,  trending  for  several 
miles  in  a  N.W.  and-S.E.  direction,  attains  a  height  of  fifty 
feet.  Another  similar  hill  of  coarse  gravel  is  found  to  the 
east  of  Ellendale.  These  are,  in  both  cases,  but  swellings  in 
the  white  sand  and  only  differ  from  the  latter  in  the  large 
admixture  of  coarse  pebbles,  varying  in  size  from  one  to  three 
inches  in  diameter.  In  passing  to  the  south  of  Georgetown, 
nothing  new  can  be  learned  by  citing  localities.  The  surface 
stratum  is  a  uniformly  white  or  reddisb-white  sand  having  & 
thickness  of  from  6  to  10  feet,  with  generally  a  small  propor- 
tion of  fine  gravel.  At  nearly  all  points,  however,  bowlders 
are  found.  At  Snow  Hill,  Md.,  these  bowlders  are  of  frequent 
occurrence  and  have  been  collected  into  waste  piles.  They 
vary  in  weight  from  a  few  pounds  to  more  than  a  man  could 
lift.  Among  the  rock  species  we  may  mention  yellow  jaspery 
quartz,  brown  conglomerate,  a  light  granitic  gneiss,  a  dark 
nornblendic  gneiss,  a  coarse  grained  highly  feldspathic  granite, 
a  dark  bluQ  slate  rock  and  quartzite.  A  close  study  of  the 
numerous  bowlders  at  this  point  showed  some  indisputable 
evidences  of  glacial  scratches,  the  most  pronounced  instance 
being  a  large  well  rounded  bowlder  of  dark  green  diorite,  the 
smooth  surface  of  which  was  covered  with  very  fine  scratches, 
clearly  of  glacial  origin. 

Neck  Lands. — This  name  is  given  to  that  slip  of  low  marshy 
land  which  borders  the  bay  shore.  Its  basis  is  an  unpenetrated 
stratum  of  blue  or  black  clay  in  which  have  sometimes  been 
found  by  those  living  in  the  vicitiity  nests  of  modern  oyster 
and  clam  shells.  The  deposit  is  identical  with  the  bog  clay  of 
the  river  bank;  so  that  we  may  say  that  from  Wilmington  to 
the  southern  line  of  the  State  into  Maryland,  the  river  and  bay 
are  edged  with  a  belt  of  modern  bog  clay,  varying  in  width 
from  one  to  three  miles. 

Within  the  southern  area,  the  marsh  land  is  bordered  for  its 
entire  length  by  the  lowland  terrace,  which  presents  the  same- 
winding  course,  and  rises  to  a  height  of  from  10  to  15  feet.  la 
some  localities,  at  points  nearer  the  terrace,  this  bog  land  is:- 
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^bove  the  reach  of  high  tide,  a  fact  which  would  indicate  a 
present  elevation  of  the  coast.  The  fishermen  assert  emphatic- 
ally that  the  Delaware  shore  is  rising;  and  at  Lewes,  thene  as- 
sertions are  authenticated.  Boat-houses  which  were  once  at  a 
convenient  distance  from  the-  water  have  frequently  •been 
moved  nearer,  of  necessity.  An  old  yacht,  said  to  have  been 
wrecked  twenty-five  years  ago,  is  now  lying  not  less  than  50 
feet  inland  and  8  or  4  feet  above  mean  tide. 

While  no  attempt  is  here  made  to  measure  the  ralbe  of  eleva- 
tion, there  is  no  doubt  but  that  the  fact  of  such  an  elevation 
can  be  established.  The  New  Jersey  coast  and  the  shore  of 
the  southern  Atlantic  States  show  evidence  of  a  slow  subsi- 
dence; but  these  coast  regions  have  not  been  covered  by  the 
sea  since  the  later .  Tertiary,  while  the  Delaware  peninsula, 
totally  submerged  only  as  far  back  as  the  Post-Glacial,  has  not 
finished  the  slow  operation  of  emergence  from  the  sea. 


Abt.  Xl.—^Beport  of  the  Superintendent  of  the  United  States 
Coast  and  Oeodetic  Survey  showing  the  progress  of  the  work 
durivg  the  fiscal  year  ending  with  June^  1883.* 

On  December  1,  1833,  Mr.  F.  R.  Hassler,  Superintendent  of 
the  Coast  Survey,  presented  to  the  Secretary  of  the  Treasury 
a  letter  reporting  the  progress  made  in  the  work  of  the  survey 
of  the  coast 

Excepting  a  report  (of  8  octavo  pages)  to  the  Secretary  of  the 
Treasury  in  November,  1817,  also  by  Mr.  Hassler,  this  was  the 
first  Coast  Survey  report,  and  for  about  ten  years  it  was  fol- 
lowed by  similar  reports  consisting  of  a  few  octavo  pages.  In 
1844,  under  the  superintendence  of  Prof.  A.  D.  Bache,  these 
annual  reports  to  Congress,  which  appeared  as  executive  doc- 
uments, began  to  grow,  and  in  1851  had  attained  to  a  size  of 
659  octavo  pages.  Beginning  with  1852,  however,  the  form 
was  changed  ;  the  octavo  form  was  abandoned,  and  in  its  stead 
came  the  quarto,  so  much  better  adapted  to  the  presentation  of 
maps  and  illustrations. 

The  report  for  1852  may  therefore  be  regarded  as  the 
beginning  of  a  series  of  which  the  volume  before  us  is  the 
thirty-second. 

The  publication  of  these  annual  reports  of  progress  has  con- 
tinued, sometimes  with  delay  but  without  interruption,  and 
the  prompt  issue  of  the  present  volume  indicates  that  the  delay 
in  the  publication  of  the  later  volumes  is  practically  overcome. 

*  ZXV1  and  448  pp,  4to,  with  50  maps,  sketches  aud  illustrations.  Washington, 
:1884.     (Jovemment  Mntiug  (Office. 
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During  the  fiscal  year  1882t^  the  annual  reports  for  1878,  1879 
and  1880  were  printed  and  distributed,  and  "  but  for  a  con- 
tractor's failure  to  produce  the  sketches  and  illustrations  in 
time "  the  1881  report  would  have  been  found  in  the  same 
category. 

But  the  1881  report  was  actually  issued  more  than  a  year 
ago,  shortly  followed  by  that  for  1882,  and  now  the  1888 
report  has  promptly  followed. 

That  this  volume  should  be  a  worthy  successor  in  this  long 
series  we  have  a  right  to  expect,  and  we  are  not  disappointed. 
From  the  nature  of  the  subjects  treated  in  the  scientific  parts 
of  these  volumes  it  is  but  natural  that  some  volumes  would 
prove  of  more  popular  interest,  or  of  interest  to  a  larger  class 
of  readers  than  others.  The  appendices  in  the  present  volume, 
Nos.  12  and  14  07i  refraction  in  connection  with  hypsomeirie 
measurements  and  on  standard  topographical  drawings,  are  likely 
to- render  this  a  volume  for  which  there  will  be  more  than  the 
usual  demand. 

The  report  before  us  departs  but  very  little  in  \t»  form,  or 
general  make-up,  orclassof  topics  treated,  from  its  predecessors. 

The  general  form,  originally  adopted  in  this  series,  has  re- 
quired and  indeed  has  received  very  little  modification  during 
its  88  years  of  existence.  Broadly  stated,  these  reports  present 
two  classes  of  facts  and  for  two  classes  of  readers.  The  first 
may  be  called  the  official  and  the  second  the  scientific  report. 

The  official  report  presents  brief  statements  of  results  ob- 
tained, then  the  same  in  greater  detail ;.  also,  statements  of 
when,  where  and  by  whom  the  work  of  the  survey  has  been 
carried  on,  and  an  estimate  for  the  use  of  Congress  of  the 
money  necessary  to  carry  on  proposed  work.  This  is  followed 
by  reports  from  the  various  divisions  into  which  the  office 
work  is  divided,  giving  statistics  of  the  work  done  during  the 
year.  This  official  part  may  then  be  regarded  as  an  exhibit  of 
the  machinery  by  which  results  are  obtained,  with  figures 
showing  the  capacity  of  the  machine. 

The  scientific  part  of  the  report  is  embodied  in  appendices 
prepared  by  specialists  in  the  survey,  who  digest  the  raw  ma- 
terial, deduce  general  laws  or  principles  and  point  the  way  to 
improvements  in  methods  and  results.  The  volumes  do  not  in 
form  exactly  conform  to  this.  Prom  a  scientific  point  of  view 
such  an  arrangement  would  doubtless  be  preferable,  but 
whether  expedient  or  not  must  be  decided  by  the  survey  itselt 
Even  as  it  is,  the  '^  make-up ''  of  the  volume  is  so  well  done 
that  no  one  consulting  it  need  lose  time  in  finding  what  he 
seeks.  The  table  of  contents,  list  of  appendices  and  their  con- 
tents, list  of  sketches  and  illustrations,  and  the  alphabetical  in- 
dex of  18  pages,  famish  the  needful  guides  for  rapid  consul- 
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tation.  That  this  is  Senate  Ex.  Dop.  No.  29,  48th  Congress,  Ist 
Session,  the  bibliographer  will  not  learn  from  the  volume  itself. 
This  absence  we  pardon  the  more  readily  on  account  of  the 
improved  appearance  of  the  title  page.  Still  this  useful  piece 
of  information  might  have  been  somewhere  retained. 

The  report  proper  consists  of  74  pages  in  two  parts;  the 
Jirstot  11  pages,  giving  results  in  the  most  general  terms  and 
closing  with  Estimates^  and  the  second  of  63  pages  giving  in 
detail  accounts  of  the  work  done  in  the  17  sections  into  which 
the  territory  of  the  United  States  (Alaska  included)  has  been 
-divided.  ' 

Appendices  1  to  5  inclusive,  46  pages,  contain  statistical  in- 
formation and  reports  from  heads  of  various  divisions,  etc. 
While  in  general  form  these  appendices  are  like  their  prede- 
-<5essors,  we  note  some  changes.  There  is  a  report  to  the  Super- 
intendent of  the  Assistant  in  charge  of  Office,  to  which  report 
are  appended  reports  from  the  Computing,  Drawing,  Engraving, 
Instrumental,  Tidal  and  Miscellaneous  divisions,  and  from  the 
-custodian  of  the  Archives. 

Great  activity  in  hydrographic  work  is  shown  during  this 
year,  as  appears  from  the  report  of  the  Hydrographic  Inspector ; 
95  naval  officers,  and  21  of  the  25  vessels  being  in  service. 

Appendices  6  to  19,  pp.  121-488,  constitute  the  scientific 
part  of  this  report  and  cover  a  variety  of  subjects,  such  as 
Astronomy,  Bibliography,  Geodesy,  Gravity,  Magnetism,  Tides, 
etc. 

The  bibliography,  which  is  by  Assistant  Edward  Goodfellow, 
And  covers  15  pages,  is  entitled  a  '''Descriptive  catalogue  of 
publications  relating  to  the  Coast  and  Oeodeiic  Survey  and  to 
standard  measures.^^ 

This  catalogue  of  the  publications  of  the  survey  is  classified 
under  the  several  heads  of  Annual  Reports,  General  Index 
of  Scientific  Papers,  Lists  of  Tide  Tables,  of  Coast  Pilots,  of 
Chart  Catalogues,  Notices  to  Mariners  and  Special  publications. 
Although  only  a  descriptive  and  not  an  analytical  catalogue, 
the  references  in  its  tabular  lists  to  the  dates,  forms  and  modes  of 
publication  are  sufficiently  explicit  to  enable  any  librarian  to 
<jomplete  the  classified  list  of  Coast  Survey  publications  which 
may  form  part  of  his  catalogue. 

Appendix  No.  7  is  an  elaborate  table  of  100  pages,  showing 
the  depth  of  water  which  can  be  carried  into  various  harbors  of 
the  United  States  and  adjoining  coasts.  This  is  a  practical 
rather  than  a  scientific  matter,  and  its  value  for  the  use  of  com- 
merce and  navigation  is  readily  perceived. 

In  Appendix  No.  8,  Assistant  Henry  Mitchell  presents  in  a 
very  brief  form,  the  condensed  results  of  an  elaborate  and  care- 
vful  study  of  what  he  terms  the  Estuary  of  the  Delaware^  being 
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that  part  of  the  Delaware  river  between  Philadelphia  and  a 
point  53  miles  below.  In  this  stretch  of  water,  734  lines  of 
soundings  have  been  run  across  the  river,  from  which  data  the 
Area  of  section  and  average  depth  have  been  calculated  and 
tabulated.  These  results  are  presented  in  tables  and  in  diagrams 
and  strongly  reinforce  a  conclusion  based  upon  preliminary 
data  and  published  in  the  C.  &  G.  S.  Report  of  1879 ;  this  con- 
clusion is  that,  in  the  language  of  the  Superintendent,  '*7n  the 
Estuary  of  the  Delaware  Jrom  League  Island  to  the  submerged 
delta,  the  mean  depth  is  constant;  the  widths  and  sections  vary 
with  the  square  of  the  distance,  and  the  retard  of  the  tide  can  be 
exactly  stated  in  terms  of  the  mean  depth  and  widthj^ 

Mathematically,  then,  these  relations  are  expressed  by  equa- 
tions of  panibolas  in  which  the  constants  have  been  empirically 
determined. 

Let  X  be  the  distance  of  any  section  of  the  river  from  the 
Fort  Mifflin  section,  down  stream,  measured  along  mid  stream 
and  in  nautical  miles;  then  we  have 

Mean  depth  in  feet  =18*64 

Mean  width  of  stream  in  feet         =lo-Ix"-f  5100;  and 

Mean  area  of  section  in  sq.  ft.       =  188cc*  4-95000. 

•  The  curves  resulting  from  observation  agree  well  with  the 
curves  resulting  from  these  equations,  particularly  the  latter,  in 
which  the  coefficient  188  results  from  multiplying  the  preced- 
ing coeflScient  101  by  the  average  depth  18*64:  feet.  This 
depth,  18'64,  is  the  mean  of  all  the  soundings  in  the  river  for  46 
miles  below  Fort  Mifflin.  "^ 

The  expression  for  high  waterjis  stated  to  be 

6'11  distance-- O'OOIS  width  +  92  minutes  where  ^^  each  term 
has  its  distifict  physical  meaning,^^  but  what  that  meaning  is  we 
are  not  told. 

A  sketch  of  the  estuary  accompanies  this  appendix. 

Professor  Wm.  Ferrel,  whose  mathematical  researches  in 
practical  directions  have  been  so  valuable,  contributes  two 
papers  .upon  a  topic  peculiarly  his  own,  viz :  the  tides.  The 
first  is  a  orief  account  of  the  results  of  the  harmonic  analysis  of 
the  tides  at  Sandy  Hook,  1876-1881.  It  has  special  reference 
to  determining  the  constants  necessary  to  be  used  for  this  place 
in  the  tide-predicting  machine. 

Incidentally  the  mass  of  the  moon  is  deduced  from  these  6 
years'  observations,  and  found  to  be  between  -^  and  ^,  the 
corresponding  determination  from  the  Penobscot  Bay  tides 
being  j*j  and  from  the  Boston  tides  lyi.y. 

The  second  paper,  however, — Description  of  a  maxima  and 
minima   tide-predicting  machine — is  a  much  more  important 
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paper.      Besides  it  is  self-contained  and,  therefore,  does  not 
require  the  examination  of  other  papers  to  be  understood. 

After  a  brief  introductory  note  alluding  to  the  tide-predict-" 
ing  machine  of  Sir  Wm.  Thomson,  first  constructed  about  1875 
and  the  subsequent  enlarged  and  improved  one  constructed 
under  the  direction  of  Mr.  E.  Roberts  in  1879,  Prof.  Ferrel 
proceeds  to  describe  and  explain,  both  theoretically  and  practi- 
cally the  workings  of  the  machine  devised  by  him,  and  con- 
structed at  the  Coast  and  Geodetic  Survey  Office  under  his 
direction,  for  predicting  the  times  and  heights  of  high  and  low 
water  for  any  given  station. 

In  Thomson's  machine  and  its  successor — now  in  successful 
operation  for  predicting  tides  on  the  coast  of  India  the  machine 
traces  the  tidal  curve  on  a  long  strip  of  paper.  From  this 
strip  of  paper  the  times  and  heights  are  to  be  read  off  and  tabu- 
lated in  form  for  printing  and  publication.  This  machine, 
therefore,  makes  known  the  height  of  the  tide  for  every  insiant. 

In  the  machine  now  first  constructed  and  described  by  Prof. 
Ferrel  we  obtain  not  a  curve  giving  the  height  of  the  tide  at 
all  times ;  but  for  the  pai-ticular  time&  we  desire,  viz :  at  high 
water  and  at  low  water  we  obtain  the  times  and  heights. 
The  machine,  therefore,  which  gives  these  results  is  fordistinc.- 
tion  called  a  "  Maxima  and  minimal  tide-predicting  machine" 

It  is  of  interest  to  note  that  the  theory  upon  which  the  ma- 
chine solves  the  tidal  problem  is  more  accurate  than  the  usual 
moiie  of  computing.     In  the  words  of  the  author: 

"The  formulsd  used  in  the  machine  are  those  best  adapted  to 
obtain  the  results  accurately  by  computation.  This,  however, 
involves  so  great  an  amount  of  labor  that  it  has  been  neces- 
sary heretofore  to  use  more  simple  formula,  requiring  much 
less  labor  in  computation,  but  which  give  often  only  very 
rough  approximations  to  the  true  results.  These  can  now  be 
pretty  accurately  obtained  with  scarcely  any  labor." 

Against  this  greater  theoretical  accuracy  must  be  set  off  the 
inaccuracies  due  to  mechanical  construction ;  but  when  this 
has  been  done  the  machine  still  shows  results  quite  equal  to 
the  results  obtained  by  direct  computation  even  when  tested 
by  tides  so  different  as  those  at  Boston,  San  Diego  and  Tahiti* 

In  capacity  for  doing  work  the  author  estimates  the  machine 
to  be  equivalent  **  to  30  or  40  computers,  if  these  were  to  take 
account  of  everything  which  the  machine  does." 

According  to  this  estimate  we  may  say  that  if  one  computer 
could  by  the  usual  mode  of  computation  make  the  tide-tables 
for  the  Atlantic  sea-coast  of  the  United  States  in  one  year 
without  the  machine,  then  with  the  machine  he  would  in  one 
year  predict  the  Atlantic  tides  for  the  next  30  or  40  years. 

When  it  is  borne  in  mind  that  the  constants  for  setting  the 
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machine  are  to  be  computed  beforehand  for  each  station,'  each 
year  of  observations  by  itself  accprding  to  the  author's  plan, 
and  that  to  derive  the  constants  from  one  year's  observations 
will  take  an  experienced  computer  several  months,  we  see  that 
the  efficiency  of  the  machine  has  been  counted  from  where  this 
long  preliminary  computation  left  off.  Practically,  therefore, 
its  present  efficiency  is  very  materially  less  than  30  computers. 

When  once  the  tidal  observations  at  a  station  have  been 
completely*  put  through  the  laborious  harmonic  analysis  and 
the  machine  constants  calculated,  then  it  may  be  that  the  ma- 
chine can  predict  for  that  station  in  one  day  as  much  as  it 
would  take  a  computer  30  or  40  days  to  do. 

A  comprehensive  understanding  of  this  valuable  paper  is 
only  to  be  obtained  from  a  careful  study  of  the  paper  itself 
and  of  the  five  sketches  with  which  it  is  illustrated. 

We  note  that  Plate  III,  the  front  view  of  the  machine,  is  in 
the  list  of  sketches  called  hack  view,  while  Plate  IV  the  back^ 
is  csl\ed  front  view.  This  would  have  been  obviated  by  print- 
ing legends  on  the  plates  themselves. 

In  appendix  11,  Mr.  C.  A.  Schott  discusses  the  observations 
for  the  length  of  the  Yolo  base  line.  This  base  line,  it  will  be 
remembered,  is  a  very  important  primary  one  in  the  Sacra- 
mento Valley,  California,  and  is  the  measured  basis  for  the 
western  end  of  the  trans-continental  system  of  triangulation. 
The  apparatus,  of  an  entirely  new  design,  and  the  method  of 
observing  were  fully  described  in  the  report  of  1882.  We 
now  have  the  result;  this  result  is  that  we  have  a  measured 
base  line  about  11  statute  miles  in  length,  ^nd  the  uncertainty 
in  this  measure  is  only  about  f  of  an  inch,  or  in  meters  the 
Yolo  base  line  is 

17  486-°»5119±9-57™ 

In  length  the  whole  line  was  measured  twice,  and  a  part  of  it 
three  times,  and  this  by  a  corps  of  the  most  qualified  and 
experienced  men  in  the  survey.  No  known  precaution  for 
obtaining  a  measure  of  high  precision  was  omitted,  and  the  result 
obtained  now  shows  a  measure  far  surpassing  in  accuracy  any 
previous  measure  by  the  survey,  and,  with  a  single  exception, 
the  most  accurate  base  measure  yet  secured  anywhere.  Not 
the  least  satisfactory  part  of  the  whole  matter  is  the  clear 
summing  up  and  presentation  of  results  in  print.  The  appen- 
dices in  these  reports  from  year  to  year  show,  in  spite  of  good 
editing,  marked  aifferences  in  this  respect 

In  the  12th  appendix,  Asst  Schott  discusses  the  third  series 
of  observations  made,  by  Asst  Davidson  and  party  in  Califor- 
nia, for  determining  the  coefficient  of  refraction. 

The  diflference  of  level  of  two  stations,  Mt.  Diablo  and  Mar- 
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tinez  East,  was  determined  by  spirit  leveling  to  be  1116'09 
meters  (3661*7  feet).  This  difference  of  level  was  also  further 
determined  from  hourly  readings  of  the  barometer  for  about  40 
days,  and  also  from  hourly  observations  of  reciprocal  zenith 
distances  during  the  same  time,  whenever  the  weather  permit- 
ted. The  results  by  the  three  methods  are  compared  and  some 
general  principles  deduced. 

In  the  13th  appendix,  also  prepared  by  Mr.  Schott,  we  have 
the  first  general  account,  with  results  from  magnetic  observa- 
tions, of  the  U.  S.  International  Polar  Station  at  Ooglaamie 
near  Point  Barrow,  Alaska.  Mr.  Schott  makes  very  clear  at 
the  outset,  the  nature  and  extent  of  the  cooperation  which  the 
survey  was  able  to  give.  This  cooperation  related  solely  to 
terrestrial  magnetism,  and  this  appendix  is  entirely  devoted  to  a 
discussion  of  the  results  obtained.  Owing  to  the  want  of 
trained  observers  and  the  necessary  instruments,  whose  pro- 
duction requires  time,  the  cooperation  the  first  year  was  "  inci- 
dental "  rather  than  complete.  The  second  year  additional 
instruments  and  an  additional  observer  rendered  the  coopera- 
tion much  more  complete  and  satisfactoiy. 

Regular  magnetic  observations  began  December  1,  1881,  and 
continued  hourly,  with  two  short  interruptions,  till  August  27, 
1883,  giving  a  series  of  about  21  montha  The  observations 
during  the  year  1881-2  consisted  of  hourly  observations  of  the 
declinometer  and  dip  circle  (with  needle  weightedV  and  the 
term  day  observations.  During  the  year  1882-3,  differential 
magnetometers  were  in  place  and  gave  hourly  readings  of  de- 
clination, horizontal  force  and  vertical  force.  The  absolute 
measures  of  the  elements  were  continued  through  this  second 
year. 

The  estimate  of  Mr.  Schott,  who  has  gone  over  these  records 
with  laborious  fidelity  is  that  the  ^^rerords  and  results  here- 
with preset*  ted  are  the  outcome  of  faithful  labor  ^  and  are  believed  to 
be  an  acceptable  contribution  to  our  knowledge  of  magnetism  in 
high  latitudes,  and  it  is  thought  that  in  i/ie  second  year,  at  leasts 
these  records  will  prove  to  be  a  valuable  part  of  the  material  accu- 
mulated by  the  several  expeditions^  We  hasten  to  add  to  this 
that  Mr.  Schott's  experience,  skill  and  diligence  in  the  discus- 
sion of  magnetic  observations  are  shown  by  the  long  series  of 
papers  on  this  subject  from  his  pen  during  the  past  thirty 
years,  and  if,  therefore,  he  has  succeeded  in  extracting  a  "con- 
tribution to  our  knowledge"  from  a  series  of  observations  that 
reveal  serious  self  contradictions,  important  omissions  and 
defects  which  nothing  but  patient  ingenuity  and  skill  can  har- 
monize, even  roughly,  he  deserves  our  hearty  thanks.  No  one 
experienced  in  the  study  of  terrestrial  magnetism  is  ignorant  of 
the  fact  that   his  own   earlier  observations  were   poor,  and 
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improved  with  experience.  We  may,  therefore,  judge  the 
'Character  of  these  observations  when  we  know  that  not  a  single 
member  of  the  parly  at  Point  Barrow  had  ever  made  the  sim- 
plest determination  of  a  magnetic  element  when  assigned  to  this 
work.  That  the  observers  obeyed  orders  and  did  the  best  they 
<5ould  is  not  to  be  doubted  for  a  moment.  Nor  is  it  any  less 
certain  that  they  were  all  inexperienced  in  magnetic  work,  and 
that  therefore  their  observations  are  bad,  many  of  them  very 
bad.  The  extraordinary  torsion  correction,  for  the  proper  deter- 
mination of  which  no  proper  data  were  furnished  and  which' 
4imount  to  5^^  I  in  some  cases,  will  illustrate  the  difficulties  con- 
fronting the  author  beginning  his  reductions  and  compu- 
tations. 

The  finally  adopted  values  of  the  magnetic  elements  at  the 
station  from  all  the  observations  available,  are, 

'Declination  36°  37'-2  E.      (Epoch  Mar.  1,    1883). 

Dip  81**  23'-4  (Epocn  October,  1882). 

Hor.  force  (Br.  units)  1-989        (Epoch  October,  188:i). 

The  results  for  absolute  declination  as  derived  froin  the  com- 
putations by  the  observers  themselves  varied  from  35^**  to 
41^®;  but  for  the  greater  part  the  mean  declination  obtained 
was  about  41^^  E.  The  value  which  from  a  comparison  of  all 
the  conflicting  data  Mr.  Schott  has  been  obliged  to  adopt  is,  as 
above  given,  some  5^  degrees  less  than  this. 

The  report  of  Asst  Edwin  Hergesheiraer  on  standard  topo- 
graphical drawings  consists  of  two  pages  of  letterpress  and  16 
topo>/raphic!il  drawings  which  are  designed  and  execute*!  as 
models  for  the  use  and  guidance  of  those  engaged  in  t>po- 
graphy.  The  author  himself  says  they  are  designcl  as 
^'guides  iqv  inking  the  original  plane  table  sheets  of  the  C)ast 
and  Geodetic  Survev,"  in  other  words  as  model  sheets.  As 
evidence  that  ihey  satisfy  this  requirement  it  may  be  saitl  that 
already  two  large  technical  schools  in  this  country  have  onl«Ted 
a  large  number  of  copies  of  this  report  for  use  as  a  textbook 
in  topography.  Exct-llent  as  are  these  drawings,  even  alter 
their  transfer  to  the  stone,  the  impressions  from  the  oriirinal 
•copper  plate  are  yet  more  satisfactory,  while  the  original  draw- 
ings of  Mr.  Hergesheirner  represent  the  highest  attainments 
thus  far  achieved  in  topographical  represetitation. 

Appendices  15  and  16  contain  brief  reports  on  the  Tra!i-it  of 
Mercury  in  1881  and  of  Venus  in  1882,  while  appendix  17  is  a 
brief  report  by  E.  D.  Preston,  consisting  of  a  s  atement  of  the 
work  done  by  him  in  connection  with  the  observations  ol  the 
«olar  eclipse  of  May,  1883. 

Appendix  18  is  a  ntw,  revised  and  enlarged  edition  of  Pro£ 
Davi don's  catalogue  of  time  and  circurnpolar  stars  publi>ned 
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in  1874.  The  number  of  stars  in  the  old  catalogue  was  983^ 
while  in  this  one  there  are  1278,  and  the  epoch  is  1885'0. 

The  final  appendix,  No.  19,  is  on  gravity  determinations  at 
Alleghany,  Ebensburgh  and  York,  Pennsylvania,  in  1879  and 
1880,  by  Asst.  C.  S.  Peirce.  From  notes  in  the  midst  of  the^ 
paper  we  learn  that  this  is  only  a  part  of  a  separately  printed 
paper  on  the  same  subject  in  which  the  details  are  given.  For 
an  understanding  of  the  method  of  obtaining  results  reference 
must  be  had  to  previous  publications  by  the  same  author. 

The  resulting  length  of  the  seconds-pendulum,  expressed  in 
meters,  at  the  three  stations  of  which  the  paper  treats  are  as 
follows : 

Alleghany Q°»-993  0308 

Ebensburgh 0  -993  0244 

York 0  -993  063 

the  latter  determination  being  less  strong  than  the  twa 
preceding. 

We  have  looked  with  interest  to  these  results  to  learn 
whether  a  station,  as  Ebensburgh  on  the  crest  of  a  mountain 
chain  and  more  than  2000  feet  above  the  sea-level,  would 
reveal  an  excess  or  deficiency  of  gravity,  but  upon  this  matter 
the  author  makes  no  statement. 

The  sketches  at  the  close  of  the  volume  revealing  the  pro- 
gress of  the  survey  during  the  year  are  prepared  from  platen 
which  have  seen  service  many  years,  and  this  fact  appears 
in  a  variety  of  ways,  particularly  in  the  titles  of  which  the  later 
are  much  improved  in  appearance  over  the  earlier  ones. 

A  general  comparison  of  this  report  with  those  preceding  it 
by  a  few  years  indicates  an  improvement  in  arrangement,  and 
a  closer  adaptation  to  the  present  conditions  of  the  work* 
Special  prominence  is  given  to  discoveries  and  developments 
having  an  immediate  bearing  on  the  interests  of  commerce  and 
navigation.  In  the  scientific  value  and  practical  bearing  of  the 
papers  published  in  the  Appendices,  the  Report  compares  well 
with  its  predecessors. 
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Art.  XII. — (fn   Combinations  of  Silver  Chloride,  Bromide  and 
Iodide  with  Coloring  Matters;  by  M.  Carey Lba,  Philadelphia. 

While  studying  these  silver  salts  in  May  last,  I  found  that 
they  had  the  remarkable  property  of  entering  into  chemical 
<X)mbination  with  many  coloring  matters  very  much  in  the 
fiame  way  that  alumina  does,  though  not  to  the  same  extent^ 
forming  what  may  be  called  lakes.  It  is  only  necessary  to 
bring  freshly  precipitated  and  still  moist  silver  salt  into  con- 
tact with  the  coloring  matter,  or  to  make  the  precipitation  in 
the  presence  of  the  coloring  matter  if  the  latter  is  not  precip- 
itated by  silver  nitrate,  .when  the  combination  takes  place ^and 
the  coloring  matter  cannot  be  washed  out  by  any  amount  of 
washing.  A  prolonged  absence  following  immediately  after 
has  prevented  the  continuation  of  the  investigation.  It  is  still 
incomplete  and  the  leading  facts  only  are  mentioned  here  to 
take  data 

Not  all  coloring  matters  are  capable  of  uniting  with  the 
silver  salts,  but  the  number  of  those  that  do  so  unite  is  consid- 
erable. What  is  curious  and  tends  to  show  that  the  combina- 
tion is  intimate  is  that  the  color  assumed  by  the  silver  salt  is 
not  always  that  of  the  dye,  but  may  diffier  from  it  considerably. 
Also  the  three  silver  salts  may  be  differently  colored  by  one 
and  the  same  coloring  matter. 

More  frequently,  however,  coloring  matters  impart  their 
own  shade  or  something  approaching  to  it;  thus,  silver  bro- 
mide precipitated  in  presence  of  excess  of  silver  nitrate  takes 
from  aniline  purple  a  strong  purple  color;  from  cardinal  red  a 
bright  flesh  or  salmon  color;  from  napthaline  yellow  a  light 
yellow  color;  from  eosin  a  brilliant  pinkish  or  salmon,  and  soon. 

Different  specimens  of  the  same  color  gave  sometimes  quite 
<Jifferent  results;  thus  silver  bromide  precipitated  in  presence 
of  silver  nitrate  was  dyed  by  one  specimen  of  methyl  green  to 
«  bluish  green.  Another  specimen  of  the  same  color  obtained 
from  a  aiflFerent  source  colored  the  same  silver  salt  a  deep 
purplish  shade.     Silver  iodide  showed  the  same  differenca 

Sixteen  years  ago,  I  proposed  to  color  or  stain  the  photo- 
graphic film  in  order  to  modify  its  behavior  towards  light; 
principally  to  prevent  blurring  or  irradiation.* 

Of  many  coloring  matters  then  tried,  the  best  proved  to  be 
litmus  colored  red  by  acetic  acid.  This  was  very  effectual  for 
the  purpose  and  was  long  used  by  others  as  well  as  myself. 
So  far  as  I  have  been  able  to  ascertain,  it  was  the  first  sugges- 
tion made  of  this  mode  of  acting  on  the  sensitive  plate.     Since 

•  British  Journal  of  Photography,  1868,  210,  506  ;  1870,  146,  eta 
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then  staiDing  the  film  has  been  found  to  have  other  applica* 
tions  and  many  others  have  experimented  in  this  direction,  i& 
most  cases  with  a  view  to  alter  its  sensitiveness  relatively  to- 
the  diflFerent  colors  of  the  spectrum.  Major  Waterhouse  was^ 
I  believe,  the  first  to  recognize  this  effect. 

Dr.  John  W.  Draper  appears  to  have  first  advanced  the 
view  that  substances  sensitive  to  light  are  affected  by  the  rays^ 
which  they  absorb.  There  is  much  to  support  this  theory^, 
although  it  cannot  be  considered  as  definitely  established. 

Some  years  since  Dr.  H.  W.  Vogel  expressed  the  opinion 
that  when  sensitive  films  were  washed  over  with  solutions  of 
coloring  matters,  the  films  gained  sensitiveness  to  those  rays 
of  the  spectrum  which  the  coloring  matters  absorb,  with  this 
condition,  that  the  coloring  matter  in  question  must  be  capable 
of  combining  with  CI,  Br,  or  I,  as  the  case  might  be.  My 
own  results  were  different.  I  found  that  the  action  of  the  rays 
was  profoundly  modified  by  coloring  the  film,  but  the  result 
did  not  seem  to  conform  to  any  law,  and  as  often  contradicted 
Vogel's  view  as  agreed  with  it. 

Vogel's  theory  necessitates  the  assumption  that  the  color 
imparted  to  the  silver  salt  is  identical  with  that  of  the  dye^ 
used,  and  as  has  been  shown  above,  that  by  no  means  follows. 
He  supposed  that  the  capacity  of  any  given  color  to  influ- 
ence the  silver  salt  depended  upon  its  tendency  to  combine 
with  CI,  Br,  and  I,  whereas,  as  we  have  above  seen,  its  action 
most  probably  depends  upon  its  ability  or  inability  to  combine 
with  the  silver  haloid. 

But  the  principal  source  of  error  has  arisen  from  the  fact 
that  when  the  film  is  stained  the  effect  is  necessarily  a  confused 
one.  Besides  any  influence  that  may  be  exerted  on  the  parti- 
cles of  silver  haloid,  these  particles  are  virtually  behind  a 
color  screen,  which  must  materially  modify  the  nature  of  the 
light  that  reaches  them,  and  the  final  effect  must  necessarily 
be  a  combination  from  two  distinct  causes.  Moreover,  the 
color  in  the  film  tends  to  arrest  precisely  those  rays  to  which 
it  is  proposed  to  render  the  silver  salt  more  sensitive ;  a  con- 
sideration of  the  utmost  importance,  for  the  one  action  tends 
to  counteract  the  other,  and  thus  leads  to  inextricable  confu- 
sion. From  a  system  of  experiments  so  faulty  no  just  conclu- 
sions could  be  drawn. 

Whether  with  these  sources  of  error  eliminated  Draper** 
view,  that  a  sensitive  substance  is  influenced  by  those  rays 
which  it  absorbs,  can  be  applied  to  these  new  combinations 
which  I  have  here  described,  is  a  matter  on  which  I  am  not 
prepared  to  express  an  opinion,  having  been,  much  to  my 
regret,  unable  as  yet  to  examine  the  question.  It  seems  i 
priori  probable,  but  in  that  case  it  is  important  to  observe  that 
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Ihe  effect  will  depend  firstly^  upon  the  capacity  of  the  dye  to  com- 
btnewtih  the  silver  haloid;  and  secondly,  not  on  the  proper  color  of 
the  dye  isolated,  but  on  the  color  that  the  silver  haloid  acquires 
under  its  action^  which  as  we  have  already  seen  may  be  some- 
thing quite  different  from  the  color  of  the  original  dye. 

I  have  observed  that  the  silver  salts  are  greatly  changed  by 
conversion  into  lakes,  even  when  the  color  imparted  is  but 
faint  They  become  in  some  cases  much  more  finely  divided 
and  remain  long  in  suspension.  In  one  case  at  least,  a  great 
increase  of  sensitiveness  to  light  for  development  was  ob- 
served. Later  I  shall  hope  to  give  more  definite  details  on 
these  points. 

In  the  above  facts  will  doubtless  be  found  an  explanation  of 
many  of  the  anomalies  in  the  behavior  of  colored  films  which 
have  caused  such  wide  differences  of  opinion.  And  the  new 
modes  of  operating  deducible  from  the  reactions  here  described 
will,  I  think,  be  found  of  extended  utility.  Silver  salts  can  be 
dyed  first  and  emulsified  afterwards,  and  the  ability  to  color 
the  sensitive  salt  to  any  shade  with  certainty  and  without 
introducing  a  counteracting  influence  into  the  film  gives  a  new 
power  in  photochemistry. 


Art.  XIII. — On  (he  present  state  of  our  knowledge  of  Refraction 
Equivalents;  by  Dr.  J.  H.  Gladstone,  F.R.S. 

It  is  well  known  that  every  substance  has  its  refractive 
index,  but  this  varies  with  change  of  temperature  or  pressure, 
and  by  the  passage  from  the  fluid  to  the  gaseous  or  solid  con- 
dition. 

The  specific  refraction  of  a  substance,  that  is  the  refractive 
index  minus  unity  divided  by  the  density,  does  not  vary  under 
the  above  circumstances,  or  varies  but  little. 

The  specific  refraction  multiplied  by  the  atomic  weight  is 
termed  the  Refraction  Equivalent  of  a  body ;  and  it  is  a  law 
deduced  from  a  very  large  number  of  observations  by  several 
experimenters  that  the  refraction  equivalent  of  a  compound 
body  is  the  sum  of  the  refraction  equivalents  of  its  constituents. 

If  this  law  held  true  absolutely  (like  the  analogous  law  in 
regard  to  atomic  weights),  we  could  draw  up  a  table  of  the 
refraction  equivalent  of  each  element,  and  show  some  curious 
and  suggestive  relations  between  them ;  we  could  calculate 
beforehand  the  refraction  of  every  compound  body  if  we  only 
knew  its  specific  gravity ;  and  there  the  value  of  the  investi- 
gation would  probably  cease. 
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But  the  law  does  not  hold  good  in  every  instance.  The 
refraction  equivalents  of  the  elements  vary  with  a  change  of 
valency,  or  mode  of  combination,  and  thus  the  study  of  them 
is  capal3le  of  affording  valuable  insight  into  the  chemical 
structure  of  compound  bodies. 

This  fact  has  been  recognized  for  several  years,  but  the 
researches  of  Briihl,  published  about  three  yeare  ago,  drew 
far  more  attention  to  it,  especially  as  he  showed  that  wherever 
a  carbon  atom  is  in  that  condition  which  chemists  often  express 
as  "double  linked"  its  refraction  equivalent  is  no  longer  5*0, 
but  61,  and  that  oxygen  in  organic  compounds  has  two  equiv- 
alents according  to  its  manner  of  linking.  During  the  past 
twelve-month  papers  have  appeared  on  this  subject,  not  only 
in  England,  but  in  other  countries,  especially  by  Nasini  of 
Bome,  Kanonnikow  of  the  Kasan  University,  G.  Quincke,  and 
Bleekrode  of  the  Hague. 

These  recent  papers  have  not  only  added  largely  to  our  data, 
but  they  have  had  an  important  bearing  on  several  branches  of 
the  subject;  for  instance: — 

1st.  They  have  thrown  fresh  light  on  the  physical  questions 
at  the  basis  of  the  enquiry.  Thus  Bleekroae,  in  a  communi- 
cation made  to  the  Koyal  Society  of  London,  has  examined 
the  specific  refraction  of  eleven  liquified  gases,  and  has  shown 
that  it  is  the  »ame  for  the  liquid  and  the  gaseous  conditions,  at 
least  within  limits  that  may  probably  be  attributed  to  the 
errors  incidental  to  so  difficult  au  enquiry.  Kanonnikow  has 
given  additional  proofs  that  the  specific  refraction  of  a  salt  or 
other  solid  body  is  not  altered  by  solution.  It  has  been  shown 
more  fully  than  before  that  the  specific  refraction  is  a  constant 
unaffected  by  change  of  volume  due  to  pressure.  There  is 
also  an  accumulated  mass  of  evidence  that  this  same  property 
is  not  changed  by  ordinary  chemical  combination. 

2d.  These  investigations  have  rendered  the  determinations 
of  the  refraction  equivalents  more  exact.  Thus  Kanonnikow 
has  examined  salts  of  the  metals  contained  in  the  two  first 
columns  of  Mendelejeff's  table,  with  results  not  differing  widely 
from  those  previously  obtained  by  the  author;  and  Nasini  has 
determined  two  values  for  sulphur.  From  these  and  other 
recent  researches  the  author  has  been  induced  to  revise  the 
table  printed  by  him  in  the  Philosophical  Transactions  of  1869 
with  the  result  given  below.* 

3d.  Deductions  have  been  drawn  as  to  the  chemical  constitu- 
tion of  various  organic  bodies.  Some  of  tliese  are  at  present 
the  subject  of  discussions  by  Flavitzky  and  others  in  various 

*  Since  the  paper  was  read  at  Montreal  some  of  the  atomic  weights  have  been 
advised  in  accordance  with  the  recent  determinations  of  Professor  Clarke  and 
others. 
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ooDiinental  joarnal&  As  the  last  instance  of  such  deduction 
the  author  had  examined  the  optical  properties  of  pentine  and 
idoprene,  C,Hg,  just  described  by  Tilden,  and  had  come  to  the 
ooiiclusion  that  they  differ  constitutionally  from  the  terpenes 
or  citrenes,  Cj,H,^,  and  have  no  less  than  four  of  the  carbons 
double  linked :  they  must  therefore  be  expressed  by  a  chain 
formula  like  pentane,  CjH^,,  and  amylene  CjH,^. 


Ben'ac- 

BetrAC- 

Element. 

Atomic 
weight. 

tlon. 

Eqolva- 

lent. 

Element. 

Atomic 
welgbt. 

tlon 

Eqalya- 

Tent. 

AlaiDinium, 

21 

7-7 

Manganese  in  perman- 

AniimoDj, 

120-2 

24-1 

ganates, 

54 

iboat25 

Arseaic, 

75 

15-4 

Mercury, 

200 

19-4? 

Barium, 

137 

15-8 

Nickel, 

68 

9-9 

BeryUium, 

91 

60 

Nitrogen, 

14 

41 

Bismuth. 

208 

38-2 

Nitrogen  in  ba6es,oxides,ftc.  14 

5-1 

Boron  in  borates, 

11 

■boot  4 

Oxygen,  single  bonds, 

16 

2-8 

Bromine, 

80 

15-3 

Oxygen,  double  bonds, 

16 

3-4 

Cadmium, 

112 

131 

Palladium, 

106 

21-6? 

Cseaium, 

133 

192 

Phosphorus, 

31 

18-3 

Calcium, 

40 

10-0 

Plaiinum, 

195 

24-7 

Carbon, 

12 

60 

Poiaasium, 

391 

7-85 

Carbon,  double  linked, 

12 

61 

Rhodium, 

104*3 

236? 

Cenum, 

141 

200 

Rubidium, 

85-6 

121 

Chlorine, 

35-5 

99 

Selenium, 

79 

30-5 

Chromium, 

621 

15-3 

Silicium, 

28-2 

7-4 

Chromium  in  chromates 

621 

iboot  22 

Silicium  in  silicic  acid, 

28-2 

aboate 

Cobalt. 

67 

10-4 

Silver, 

108 

13-2 

Oopper, 

63-3 

11-6 

Sodium, 

23 

4-4 

Didymiiim, 

145 

231 

Strontium, 

87-5 

13-0 

Fluorine, 

19 

1-6? 

Sulphur, 

32 

160 

Cold. 

1966 

231 

Sulphur,  single  bonds, 

32 

14-1 

Hylrogen, 

1 

1-3 

Thallium, 

204-2 

20-4 

Iodine. 

126-8 

24-5 

Tin,  bivalent. 

118 

27-0? 

Iron,  bivalent, 

56 

11-6 

Tin.  quadrivalent, 

118 

18-6? 

Iron,  trivalent. 

66 

194 

Titanium, 

48 

24-6 

Lanihanum, 

139 

23-0 

Uranium, 

239 

19-6 

Lead, 

207 

24-3 

Vanadium, 

51-3 

24-8? 

Lithium. 

7 

3  5 

Zinc, 

65 

98 

Magnesium, 

24 

6-7 

Zirconium, 

89-6 

21-2 

Manganese, 

64 

11-6 

Art.  XIV. — Decay  of  Quartzt/te:   Pseudo-lrreccia  ;  by  James  D. 

Dana. 

In  the  paper  on  the  *' Decay  of  Quartzyte"  published  in  the  last 
volume  of  this  Journal,  I  briefly  mentioned  the  occurrence  of 
druses  of  quartz  crystals  coating  the  surfaces  of  cavities  in  the 
iron-colored  banHs  and  covering  also  the  limonite  in  the  larger 
cavities.  I  said  nothing  on  the  origin  of  these  evidently  recent 
quartz  deposits.  I  a<ld  here  the  only  fact  as  yet  obtained  that 
seems  to  bear  on  the  subject.     The  mass  of  quartzyte  shows  by 
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the  occurrence  in  it  of  a  few  large  ragsred  cavities,  and  also  of 
manj  minute  holes  near  and  also  away  from  the  colored  bands, 
visible  under  a  common  lens,  but  better  in  thin  sections  under 
a  compound  microscope,  that  the  rock  |>rol)ably  contained  graina 
and  larger  pieces  of  fehlspar.  If  so,  alkaline  silicated  solutions 
(derived  from  the  action  of  carbonated  waters  on  the  feldspar) 
may  have  been  the  source  of  the  crystals.  So  much  of  the 
quartzyte  of  Berkshire  is  of  this  feldspathic  character  that  the 
supposition  is  reasonable ;  but  more  facts  are  needed  to  sustain 
it.  The  feldspar  (orihoclase)  in  the  quartzyte  of  Cheshire  and 
Washington  (referred  to  in  the  former  article)  occurs  both  in 
fine  grains  and  large. 

In  the  making  of  the  pseudo-breccia  the  iron-colored  bands 
are  largely,  as  I  stated,  only  stained  quartzyte,  the  stnining 
due  to  the  spreading  of  the  oxide  either  side  of  a  crack. 
This  is  well  seen  in  thin  sections.  The  crack  is  generally  a 
result  of  the  wedging  action  consequent  on  the  depositiori  of 
the  iron  oxide  within  an  incipient  crack  or  opening.  This 
wedging  action,  in  most  of  the  pseudo- breccia  spt'cimens  I  have 
collected,  has  been  small,  the  pieces  lying  very  nearly  in  place,, 
notwithstanding  the  appearance  of  large  displacement  occa- 
sioned by  the  spread  of  the  oxide.  But  in  one  of  the  speci- 
mens it  is  relatively  large,  some  of  the  intervals  between  the 
pieces  being  a  sixteenth  of  an  inch  wide.  Where  ihe  width  is 
greater  than  this,  pieces  of  the  quarzyte  occur  within  the  band 
of  oxide  that  are  results  of  the  septation  process.  In  the  speci- 
men here  referred  to  the  oxide  is  oxide  of  manganese.  In  the 
wider  openirvgs  it  makes  mam  miliary  crusus  over  the  opposite 
surface  of  the  fissures,  but  extends  across  the  fissure  in  some 
parts.  There  are  no  quartz  incrustations.  The  opening  of 
cyi'acks  by  a  wedging  action  from  the  slow  depositing  of  a  crys- 
tallizing mineral  substance  is  finely  illustrated  in  the  well- 
known  split  and  enlarged  heads  and  stems  of  crinoids,  from  the 
Subcarboniferous  limestones  of  Indiana,  Illinois,  etc.,  m  which 
the  introduced  mineral  is  quartz.  The  specimen  here  referred 
to  (three-fourths  of  a  pound  in  weight)  is  one-sixth  man^an«se 
oxide,  and  consequently  the  oxide  must  have  come  from  an 
external  source.  It  was  obtained  at  one  of  the  Limonite  ore- 
beds  near  the  eastern  foot  of  Mt.  Washington,  where  manga- 
nese oxide  was  the  chief  product;  and  it  was  originally  a  mass 
of  quartzyte  in  the  drift;  there  is  no  quartzyte  in  place  in  the 
vicinity.    It  contains  some  scales  of  a  silvery  muscovite. 
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SCIENTIFIC     INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  Viscosity  of  gases. — The  leading  article  in  the  Anualen  der 
Physik  und  Chemie,  No.  11,  1884,  is  upon  the  validity  of  Max- 
well's formula  for  viscosity.  The  author,  Hr.  Otto  Schumann,, 
sums  up  the  results  of  his  late  investigation  as  follows  : 

(1)  Maxwell's  formula  gives  under  certain  conditions,  and  at 
higher  temperatures,  discrepancies  which  cannot  be  accounted  for 
by  faults  of  observation. 

(2)  By  means  of  a  coeflScient  of  correction  Maxwell's  formula 
can  be  made  to  give  at  ordinary  temperatures  results  which  agree 
well  with  the  transpiration  method. 

(3)  The  transpiration  method  gives,  on  account  of  absorption,, 
too  large  values  lor  the  viscosity  of  gases  at  higher  temperatures. 
The  results  for  steam  are  too  small. 

(4)  The  dependence  of  the  viscosity  upon  the  temperature  in- 
creases with  the  same. 

(6)  The  coefficients  of  viscosity  of  all  vapors  investigated  by 
the  author  have  approximately  the  same  temperature  function. 

(6)  Puluj's  relation  between  '.wave-lengths  and  index  of  refrac- 
tion increases  for  the  vapors  of  homologous  ethers  with  the 
corresponding  temperatures. — Ann.  der  Pkysik  und  Chemie^  No- 
ll, 1884,  pp.*  353-403.  j.  T. 

2.  Distribution  of  electric  lightiiig  over  great  distances, — At 
the  late  International  Electrical  Exposition  in  Turin  a  committee 
ref»oried  upon  this  subject.  M.  Tresca  gives  the  results  reached 
by  this  committee  in  a  communication  to  the  French  Academy. 
MM  Gaulard  and  Gibbs  established  between  the  station  of 
Lanzo  and  intermediate  stations  a  circuit,  of  which  the  total 
length,  including  the  return  circuit,  was  80  kilometers.  The 
wire  was  a  chrome  bronze  3-7  millimeters  in  diameter  and  un- 
covered. The  current  was  an  alternating  one,  produced  by  a 
Siemen's  dynamo  of  30  horse-power  type,  and  the  circuit  was- 
arranged  so  that  the  electrical  energy  could  be  utilized  simulta- 
neously by  different  methods  of  lighting  in  the  exposition, 
builtling,  in  the  station  at  Turin,  at  Lanzo,  or  at  intermediate 
stations.  This  utilization  was  accomplished  by  means  of  sec- 
ondary generators  of  peculiar  construction,  which  have  been 
devised  by  MM.  Gaulard  and  Gibbs. 

Oil  the  25th  of  last  September  there  was  in  regular  operatioa 
the  following  apparatus : 

(1)  At  the  exposition  building  9  Bernstein  lamps,  1  Soleil 
lamp,  1  Siemen's  lamp,  9  Swan  lamps  and  5  other  Bernstein 
lamps  at  a  short  distance.  All  of  these  lamps  required  different 
potentials. 

(2)  At  the  station  of  Turin-Lanzo,  distant  10  kilometers,  34 
Edison  lamps  of  16  candle  power;  48  of  8  candle  power,  and  one- 
Siemen's  arc  light. 
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On  the  29th  of  September  the  system  included  the  station  of 
Lanzo,  distant  40  kilometers,  where  24  Swan  lamps,  requiring 
100  volts,  were  maintained  with  perfect  regularity.  The  number 
of  transformations  which  diverse  methods  of  lighting  require  can 
be  effected  by  means  of  a  system  of  secondary  generators,  which 
permit  of  the  transmission  of  the  electrical  energy  product^d  by 
alternating  machines  to  a  distance  of  at  least  40  kilometers  (about 
24-2  miles).— Co;m?^65  Itendus^  Oct.  6,  1884,  p.  649.  J.  T. 

3.  HecU  and  Electricity, — F.  Kohlrausch  has  supported  the 
theory  that  the  phenomena  of  thermo-electricity  result  from  the 
interchange  of  heat  and  electricity,  the  one  carrying  the  other 
and  interchanging  energy.  This  theory  has  been  called  the 
MitfUhrungstheorie,     Budde  acknowledges  that  this  theory  ex- 

Elains  many  of  the  phenomena  of  thermo-electricity,  and  shows 
ow  the  theory  can  explain  the  relation  between  the  thermo- 
electric force  and  the  diflterence  of  temperature  of  the  thermo-elec- 
tric junctions;  but  he  discovers  in  the  principles  of  thermo- 
dynamics objections  to  the  conveyance  theory.  Kohlrausch  does 
not  urge  any  crucial  experiment,  for  none  exists  which  can  test 
the  truth  of  the  contact  theory  or  the  conveyance  theory. 

Budde  urges  as  an  objection  to  the  conveyance  theory  that  in 
•order  to  agree  with  the  second  law  of  thermodynamics  it  requires 
that  the  phenomenon  of  the  thermo-electric  chain  should  be 
expressed  by  means  of  a  quadratic  expression  as  a  function  of  ihe 
temperature.  Kohlrausch  shows  that  Avenarius,  Tait,  Ammann 
and  himself  had  been  led  to  this  quadratic  expression.  Budde 
does  not  believe  that  the  results  obtained  by  these  investigators 
will  be  true  at  higher  and  lower  temperatures.  Kohlrausch  in 
turn  remarks  that  the  metals  when  changed  through  ^reat 
ranges  of  temperature  cannot  be  considered  as  the  same  metals. 
The  principal  objection  of  Budde  against  the  theory  that  elec- 
tricity carries  heat  with  it  and  that  there  is  a  constant 
interchange  between  electricity  and  heat  in  thermo-electric  phe- 
nomena, lies  in  this,  that  one  can  perceive  that  there  should  be 
differences  of  distribution  of  heat  when  there  are  differences  of 
heat  level ;  but  it  is  difficult  to  perceive  that  there  should  be  an 
electrical  current  where  there  is  no  such  difference.  Kohlrausch 
remarks  that  in  a  pipe  which  conveys  steam  no  difference  of  tem- 
perature is  necessary  in  order  that  heat  can  be  conveyed  from 
one  place  to  another  by  a  difference  of  pressure.  The  conveyance 
of  heat  by  electricity  is  conceivable,  and  this  conveyance  can  be 
supposed  to  take  place  unequally  in  different  substances,  Kohl- 
rausch believes  that  the  Mit/Uhrungstheffrie  and  the  contact 
theory  do  not  exclude  each  other,  and  that  they  may  both  be 
appealed  to  to  explain  thermo-electricity. — Anyi.  der  Phyaik  und 
Chemiey  No.  11,  1884,  pp.  477-481.  j.  t. 

4.  Thermo-electric  relations  of  amalgams, — The  peculiar  char- 
acter of  mercury  makes  it  very  suitable  for  a  standard  of  electri- 
cal resistance,  and  C.  L.  Weber  urges  its  employment  as  a 
standard  metal  of  reference  in  thermo-electricity  instead  of  lead. 
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or  pure  silver.  No  thermo-electric  current  has  been  shown  t<^^ 
exist  between  unequally  heated  portions  of  pure  mercury.  The 
author  has  investigated  the  thermo-electric  relations  between 
amalgams  of  mercury  and  other  metals,  and  finds  the  following 
thermo-electric  series  for  amalgams  of  0'6  portions  by  weight  of 
the  following  metals  with  100  parts  of  mercury:  tin,  silver,  lead, 
zinc,  cadmium,  bismuth. — Ann,  der  Physik  und  Chemie^  No.  11, 
1884,  pp.  447-476.  j.  t. 

6.  Elententary  Text-book  of  Physics  ;  by  Professors  William 
A.  Anthony  and  Oykus  F.  Brackett.  Part  I,  246  pp.  8vo. 
New  York,  1884.  (John  Wiley  &  Sons.) — The  appearance  of  a 
new  texi-book  of  Physics  at  this  time  is  a  matter  of  some  import- 
ance. The  rapid  recent  development  of-  the  subject  in  its  various 
departments  has  served  to  make  the  older  books  antiquated  and 
unHatisfaetory,  and  many  teachers  will  have  been  perplexed  by 
the  inability  to  find  a  work  suited  to  the  special  needs  of  their 
instruction.  To  what  extent  the  volume  now  offered  will  satisfy 
them  will  depend  somewhat  upon  the  character  of  the  instruction 
they  d<sire  to  give.  Part  I  includes  in  Book  I  the  Introduc- 
tion and  tlie  development  of  the  subject  of  Mechanics,  embracing 
the  mechanics  of  masses,  universal  gravitation,  molecular  me- 
chanics and  the  mechanics  of  fluids.  Book  II  is  devoted  to  the 
subject  of  Heat.  The  remaining  departments  of  Electricity  and 
Magnetism,  Acoustics  and  Optics  are  to  follow  in  Part  II.  So 
far  as  can  be  judged  from  the  portion  of  the  work  issued,  it  has 
some  good  features  which  will  commend  it  to  those  interested,  but 
it  is  ntit  hard  to  find  points  to  criticize.  The  subject  matter  is 
often  difficult  and  the  discussion  of  man^  topics  is  too  general  to 
be  easily  gras[)ed  by  a  beginner;  more  difficult,  in  fact, than  is  en- 
tirely consistent  with  the  size  and  apparent  object  of  the  book.  The 
learner  is  told  that  only  simple  mathematics  are  required,  and 
yet  he  is  soon  introduced  to  the  differential  coefficient,  and  ex- 
pected to  understand  the  idea  of  summation.  The  nature  of  heat 
IB  regarded  as  satisfactorily  explained  by  the  statement  that  it  is  *'  a 
form  of  energy,"  and  yet  nothing  is  given  in  the  earlier 
part  of  the  volume  from  which  the  student  can  learn  what  the 
term  energy  embraces,  or  what  the  different  forms  of  energy  are, 
nor  is  the  principle  of  the  conservation  of  energy  discussed. 
Certainly  an  elementary  text-book  which  does  not  at  the  outset 
explain  the  fundamental  principle  of  modern  physics  is  very 
incomplete. 

6.  Indexes  to  Chemical  Literature,  —  The  Committee  on 
Indexing  Chemical  Literature,  consisting  of  Professors  H.  Car- 
rington  Bolton  (Chairman),  Ira  Hemsen,  F.  W.  Clarke,  Albert  H. 
Leeds,  Alexis  A.  Julien,  presented  a  report  at  the  last  meeting  of 
the  American  Association  for  the  Advancement  of  Science.  This 
report  gives  a  list  of  indexes  already  published,  with  the  name  of 
the  compiler  and  the  place  of  publication.  The  list  includes  in- 
dexes to  the  literature  of  the  following  subjects :  Uranium^  man- 
ganese, titanium,  vanadium,  ozone  (1876-1879  and  1879-1883), 
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peroxide  of  hydrogen  (1818-1878),  electrolvBis  (1784-1880),  speed 
of  chemical  reactions,  starch  sugar,  peroxide  of  hydrogen,  diction- 
.ary  of  the  action  of  heat  upon  certain  metallic  salts  including  an 
index  to  the  principal  literature  upon  the  subject. 

The  committee  also  announces  that  indexes  have  been  offered, 
•or  are  in  procuress  of  preparation,  by  different  gentlemen,  to  the 
literature  of  the  following  subjects :  carbon  monoxide,  meteorites, 
arsenic,  explosives,  phosphorus,  uranium  (a  second  index). 

In  conclusion,  the  committee  announces  that,  in  consequence  of 
their  representations,  the  Smithsonian  Institution  has  consented 
to  publish  Indexes  to  Chemical  Literature  which  shall  be  endoraed 
by  this  committee.  The  Smithsonian  places  a  limit  to  the  num- 
ber of  pages  which  will  be  printed  per  annum,  but  the  limit  is  a 
generous  one.  By  thus  securing  the  assistance  of  the  Smithso- 
nian Institution,  chemists  are  assured  of  a  reliable  and  author! tar 
live  channel  of  publication,  together  with  a  wide  circulation,  and 
the  plan  of  cooperative  indexing  will  undoubtedly  receive  a  great 
^stimulus.  It  is  also  stated  that  a  limited  number  of  the  indexes 
published  by  the  New  York  Academy  of  Sciences  can  be  had  by 
addressing  the  Chairman  of  the  Publication  Committee  of  the 
Academy,  Professor  D.  S.  Martin,  23d  West  4th  street,  New 
York  City. 

II.   Geology  and  Mineralogy. 

1.  Geology  of  the  Scottish  ffighlands. — The  important  paper 
of  Prof.  Archibald  Geikie,  Director  of  the  Geological  Survey  of 
Great  Briiain,  reprinted  from  Nature,  of  Nov.  13,  on  pages  10  to  16 
of  this  number  is  followed  by  a  special  report  on  the  Geology  of  the 
Northweat  of  Sunderland  by  the  geolodsts  of  the  Survey  whose 
work  called  foith  that  paper,  Messrs.  B.  N.  Peach  and  John 
HoBNu,  the  former  in  charge  of  the  investigation.  The  results, 
besides  settling  a  question  in  Scottish  geology  that  has  been  long 
under  discussion,  illustrate  a  principle  in  geological  dvnamics,  that 
of  lateral-thrust  in  great  displacements,  which  is  of  the  highest 
importance.  We  cite  the  stratigraphical  section  of  the  report, 
with  a  few  accompanying  paragraphs,  referring  to  the  original 
article  in  Nature  for  the  rest  of  the  details. 

^'As  the  observer  passes  eastward  along  the  magnificent  quartz- 
ite  sections  on  Crag  Dionard  and  Conamheall,  south  of  Loch 
EriboU,  he  cannot  fail  to  note  the  numerous  flexures  of. the  strata, 
and  especially  the  peculiar  type  of  their  sharp  anticlinal  folds. 
As  a  rule,  the  eastern  limb  of  each  of  these  folds  dipn  at  a  gentle 
angle  to  the  southeast,  while  the  west  limb  is  highly  inclined, 
vertical,  even  inverted,  or  sometimes  broken  by  a  reversed  fault, 
the  effect  of  which  is  to  bring  lower  over  higher  beds.  These 
reversed  faults  (t  t  t  in  Section)  become  more  numerous  east- 
ward. They  are  admirably  displayed  both  in  ground-plan  and 
dip-section  on  the  shore  north  of  Ueilim,  where  they  repeat  the 
various  zones  ranging  from  the  ^'pipe-rock"  to  the  Eilan  Dabh 
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limefitone  (Group  II.).  The  strike  of  the  reversed  faults  ranges 
on  the  whole  with  that  of  the  strata  traversed,  and  their  hade  is 
inclined  at  a  higher  angle  than  the  dip  of  the  latter,  the  differ- 
ence generally  amounting  to 
about  10°.  Inland  from  the  coast- 
section,  north  of  Heilim,  to  the 
base  of  Ben  ArnaboU,  the  zones 
just  mentioned  are  constantly  re- 
peated by  a  complicated  system 
of  reversed  faults  and  folds,  the 
general  inclination  of  the  strata 
being  toward  the  southeast.  As 
that  hill  is  approached,  the 
displacement  produced  by  these 
faults  increases  in  amount ;  hence 
the  observer  meets  with  beds 
occupying  a  lower  geological  hoi^ 
izon  the  farther  east  he  travels. 
At  length  this  intricate  system 
of  faults  and  folds  culminates 
in  a  groat  dislocation  which, 
for  convenience  of  description, 
and  to  distinguish  it  from  the 
ordinary  reversed  faults,  may 
be  termed  a  thrust-plane.  By 
means  of  it  a  great  mass  of 
coarsely  crystalline  gneiss  with 
pegmatite-veins,  in  places  up- 
ward of  400  feet  thick,  is  placed 
above  the  Silurian  rocks  (see  Sec- 
tion). A  careful  examination  of 
the  mass  which  caps  Ben  Arna- 
boU clearly  proves  that  it  rests 
transgressively  on  all  the  zones  of 
the  /Silurian  rocks^from  the  lower 
zone  of  the  quartzite  (false  bedded 
grits)  up  to  the  limestone  which 
overlies  the  /SerpuUte-grit  Ow- 
ing partly  to  its  low  hade  and 
partly  to  subsequent  foIdin<;,  the 
outcrop  of  this  thrust-plane  re- 
sembles that  of  an  ordinary  over- 
lying formation  cut  into  a  sinu- 
ous line  by  denudation.  It  is 
admirably  seen  in  dip-section  on 
the  east  and  noith  slopes  of 
Ben  Arnaboll,  whence  it  can  be 
followed  round  the  west  face  of 
the    hill,    descending    into    the 
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valley  on  the  west,  then  bending  back  on  itself,  winding  round 
the  north  slope  of  Druim  Tungi,  and  entering  Lot;h  £ril)oll  in 
Heilim  Bay.  It  reappears  at  the  base  of  Crag-na-Faoliiin,  and 
has  been  traced  still  farther  to  the  south,  while  northward  it  can 
be  followed  to  the  Whitten  Head,  at  the  mouth  of  Loch  EribolL 

That  the  gneiss  thus  brought  up  on  Ben  Arnaboll  and  else- 
where is  in  reality  the  Archaean  gneiss  is  evident,  for  two  rea* 
SODS.  First,  its  lithological  characters  agree  with  those  of  the 
typical  ArchsBan  area  to  the  west,  save  in  certain  cases  where  the 
original  features  have  been  effaced  by  the  crushing  to  be  after- 
wards described.  Near  the  thrust-plane,  this  effacement  is  com- 
plete, but  in  the  heart  of  the  mass  the  normal  characters  of  the 
ArchsBan  rocks,  including  in  some  instances  their  characteristic 
northwest  strike,  are  retained.  The  rocks  consist  of  coarsely 
crystalline  hornblendic  gneiss  and  pink  granitoid  gneiss,  with 
lenticular  veins  of  hornblende-rock  and  kernels  of  cleavable  horn- 
blende, while  massive  veins  of  pink  pegmatite  are  well  developed. 
The  soft  greenish  mineral  (agalmatolite  ?)  already  mentioned  aa 
characteristic  of  the  gneiss,  where  now  or  lately  covered  with 
quartzite,  occurs  here  in  the  pegmatites,  and  veins  of  epidosite 
are  abundant.  Second,  at  various  localities  the  brecciated  con- 
glomerate and  false-bedded  quartzite  at  the  base  of  the  Silurian 
strata  are  found  resting  on  these  crystalline  rocks.  Further,  the 
unconformable  junction  can  on  one  line  be  traced  continuously 
for  more  than  a  mile.  There  can  be  no  doubt,  therefore,  that  this 
mass  is  really  a  fragment  of  the  old  platform  of  Archaean  rocks 
on  which  the  Silurian  strata  were  deposited. 

But  all  these  evidences  of  displacement  are  merely  the  precur- 
sors of  a  still  more  powerful  thrust-plane,  which  has*  been  traced 
continuously  from  the  shore  east  of  Whitten  Head  to  the  crest  of 
Crag-na-Faolinn,  and  at  intervals  for  many  miles  to  the  south- 
ward into  the  Assyot  country 

One  final  feature  of  the  Durness  and  Eriboll  area  remains  to 
be  noticed.  The  geological  structure  of  this  region  has  been 
further  complicated  by  the  subsequent  folding  of  the  strata,  and 
by  a  double  system  of  normal  faults  (y/in  Section)  which  affect 
the  strata  and  thrust-planes  alike.  One  set  of  normal  faults  trends 
north-northeast  and  south-southwest,  while  another,  which  appears^ 
to  be  newer,  trends  more  or  less  at  right  angles  to  these.  By 
these  two  systems  of  later  dislocations,  the  thrust-planes  with 
their  low  hade  have  been  intersected  and  shifted  precisely  as  if 
they  had  been  ordinary  boundary-planes  between  two  geological 
formations.  Much  of  the  diflSculty,  indeed,  which  has  been  from 
the  first  experienced  in  unraveling  the  complicated  structure  of 
this  region  may  be  traced  to  the  effect  of  the  intricate  network  of 
reversed  and  normal  faulting.  The  very  preservation  of  the 
Durness  Basin  is  due  to  two  normal  step-faults,  one  of  which  lets 
down  the  quartzites  more  than  1,200  feet,  while  the  other  brings 
the  whole  Silurian  Basin  down  to  the  sea-level." 
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2.  On  a  Chart  of  the  ancient  drift  and  glaciers  of  the  northern 
Swiss  Alps  and  Mt.  Blanc  Chain;  by  M.  Alphoksb  Favrb 
-(Geneva  Archives  dos  Sci,  for  Nov.  15). — Professor  Favre  states 
that  this  chart,  prepared  by  him,  shows  by  means  of  colors,  the 
-outlines  of  the  nev6  and  the  true  glacier  of  seven  old  glacier 
basins — those  of  the  Rhine,  the  Linth,  the  Reuss,  the  Aar,  the 
Rhone,  the  Arve,  and  the  Is^re,  besides  the  n6v6  and  glaciers  of  the 
Jura  and  the  outlines  also  of  the  modern  glaciers.  The  author 
UKes  the  positions  of  glacial  scratches  and  of  isolated  bowlders, 
as  well  as  moraines,  for  fixing  the  outlines  of  the  old  glaciers ;  and 
he  opens  with  a  remark  on  the  good  effect  of  the  "  Appel  aur 
Suisses"  by  Messrs.  Studer  and  Soret,  and  himself,  made  in  1867, 
in  behalf  of  the  protection  of  the  more  remarkable  bowlders.  He 
alludes  to  the  barrier  made  by  the  terminal  moraine  between  the 
extremities  of  the  lateral  moraines,  and  the  effect  in  making 
Jakes,  some  of  which  were  great  lakes  in  the  era  of  the  flood  from 
the  melting  glacier.  This  was  the  case  below  Soleure,  where  the 
waters  of  the  Aar  were  stopped  by  four  great  Valaisan  moraines, 
And  made  a  lake  over  60  miles  long.  He  points  out  how  the  map 
may  be  n^ed  for  deducing  the  thickness  and  pitch  of  the  glacier 
alon^  the  several  valleys,  and  illustrates  it  by  examples  from  the 
old  glaciers  of  the  Aar  and  Reuss. 

The  following  table  contains  the  heights,  thickness,  and  other 
facts  connected  with  theglacierof  the  Aar,at  theEwigSchneehorn, 
on  the  left  bank  of  the  glacier  of  the  Lauteraar,  where  the  glacier's 
height  was  3000  meters ;  at  Juchliberg,  at  the  extremity  of  the 
left  bank  of  the  sami*  glacier;  at  the  Stampfhorn,  below  theRitzli- 
horn  on  the  east  side;  at  the  Brienzberg,  south  of  the  extremity 
of  Lake  Bnenz;  near  Wimmis,  where  tlje  glacier  of  the  Sirame 
encountered  the  glacier  of  the  Aar;  and  at  Gurnigel,  10  miles 
below  Wimmis.  The  heights  and  distances  are  in  meters;  and 
in  columns  4,  5  and  6  the  numbers  have  reference  to  the  interval 
between  the  consecutive  localities. 

Upper       Level  of  Tblcknesa  Surf,  pitch 

glac.  level,      valley,     of  glacier.   Distance.    Descent.     forlOuOm. 

1.  B.  SchneehoPD 3,000  2,747  263  ,    ^^  ,^^ 

2.  Juchliberg, 2,500  1,874  626  *J'"""  °""  f. 

3.  Stampfhorn, 2,250  1,363  887  ^'^^,^  i^l  i\ 

4.  Brienzerberg 1,500  570  5*iO  ^*'^^"  !^"  ^\ 

6.  Wimmis 1,350  634  716  f^'^^^  ^H  % 

«.  Gurnigel 1,320  597  723  ^®'^^°  *^  ^ 

In  the  valley  of  the  Grimsel  the  thickness  of  the  glacier  was 
accordingly  626  meters;  and  in  that  of  the  Uasli,  887  meters; 
and  at  the  Brienzerberg,  930  meters,  not  counting  the  depth  of 
the  lake.  The  glacier  of  tlie  Simme,  which  had  near  Erienbach 
a  height  of  1050  m.  above  the  sea,  joined  that  of  the  Aar  700i)  m. 
below,  near  Wiuimis,  giving  both  for  some  distance  the  same 
level,  1360  m. 

A  similar  table  is  given  for  the  glacier  of  the  valley  of  the 
Reuss,  which  commenced  at  the  highest  point  of  Saint  Gothard, 
as  follows: 
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TTpper       Lerelof   ThlekneBa  Bnrf.Mteb 

glac.l6T6l.     ralley.    of  glacier.   DiBtance.   Dueent.     forlCnOnu 

3.  GotthardU 1,360  437        923        ';•"""        »  "  " 

*-B088be.X 1,080  411        663        jj-"*^        5|»  % 

l-^Z"'^ Z        Z      Z      'So      UO  \ 

6.  Lagera 800  366         434         ii  nno  275  25 

7.  Reinerberg 525  330        195        ^i'"""        ^i"  ^l 

8.  Bottenberg 600  323        177  ^»"""  ^*^  * 

Professor  Favre  remarks  on  the  gentleness  of  the  pitch  over  all 
the  old  Swiss  glaciers.  The  glacier's  height  at  Morcles  below 
Saint  Maurice,  in  Yalais,  was  1650  in.,  and  at  Chasseron  on  the 
Jura,  near  d'Yverdon,  1852  m.,  indicating  a  descent  over  the 
Swiss  plain,  of  298  m.  in  the  78  km.  or  49  miles,  between  the  two 
places,  equivalent  to  4 :  1000.  At  Chasseral,  57  km.  to  the  north- 
east, the  glacier's  height  was  1306  m.,  and  at  Mt.  Sal^ve,  near 
Geneva,  92  km.  from  Chasseron,  it  was  1308  m.;  and  hence,  over 
a  distance  of  149  koL  across  the  plain,  the  surface  was  horizontal. 
The  thickness  of  the  glacier  at  Chasseron  was  917  m.  and  at 
Chasseral  about  871  m. 

Professor  Favre  also  speaks  of  the  wide  difference  in  some  cases 
between  the  limits  of  the  modern  and  the  ancient  hydrographic 
basins  and  course  of  drainage. 

3.  Description  of  Geological  Sections  crossing  New  Hamp- 
shire and  Vermont;  by  Professor  C.  H.  Hitchcock.  34  pp.  8vo, 
with  two  plates  of  geological  sections.  Concord,  N.  H.,  1884. — 
These  sections,  by  Professor  Hitchcock,  are  the  results  of  new 
field-work  across  the  States  of  Vermont  and  New  Hampshire 
since  the  New  Hampshire  Geolos^ical  Report  was  published,  and 
have  much  value.  Professor  IJitchcock  here  makes,  as  he  had 
before  announced,  theTaconic  slates  of  Emmons,  south  of  Middle- 
bury,  to  be  Lower  Silurian  in  age,  and  not  older  than  the  Trenton 
or  the  later  part  of  the  Trenton  (the  Hudson  River  or  Lorraine 
division).  The  quartzyte  is  regarded  as  the  Potsdam  sandstone, 
and  as  overlying  unconformably  the  Green  Mountain  rocks  farther 
east. 

The  writer's  opinion  as  to  the  existence  of  Arch»an  rocks  in 
southern  Vermont  is  mentioned,  and  he  therefore  here  states  that 
he  has  found  evidence  of  the  existence  of  isolated  Archsean  areas^ 
there,  but  that  his  examination  of  the  beds  of  Mt  Mansfield  lead 
him  to  doubt  the  Archsean  age  of  a  large  part  of  the  Green 
Mountains.  j.  d.  d. 

4.  The  TUl-ridge  of  New  Haven^  called  Round  HiU. — Profes- 
sor W.  M.  Davis,  in  his  paper  on  Drumlins  (this  Journal,  xxviii, 
413,  1884),  objects  to  the  view  that  the  material  of  Round  Hill 
was  <leposited  by  waters  descending  a  crevasse  or  knot  of 
crevasses  in  the  glacier  (this  Journal,  xxvi,  358,  1883^,  on  the 
ground  of  the  absence  of  stratification.  Bearing  on  this  point  I 
would  recall  the  facts :  that  a  broad  trench  or  valley  40  to  60  feet 
deep  (120  to  130  feet  above  the  sea-level,  and  170  to  180  below 
the  summit  of  the  hill),  extends  half-way  around  the  hill,  and  ia  cut 
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oat  of  the  rooks  to  that  depth ;  that  from  the  bottom  of  the  till 
of  the  ridge  the  pitch  to  tide-level,  three-fourths  of  a  mile  off,  is 
nearly  200  feet  and  from  the  top  300  feet.  If  the  deposition 
took  place  after  the  subsidence  that  opened  the  Champlain 
period,  a  pitch  of  200  feet  in  three-fourths  of  a  mile,  or  266  feet  in 
a  mile,  would  be  reduced  to  230  feet  a  mile.  The  difficulty  in 
the  explanation  does  not  come  from  the  absence  of  regular  strat* 
ification,  but  from  the  existence  of  enough  sand  and  clay  in  the 
hill-deposits  to  bind  the  stones  together.  Evidence  of  the  violent 
action  of  the  descending  waters  is  plain  enough  about  the  hill  in 
the  valley  described,  and  also  in  the  bare  rocks  of  the  hills  to 
the  northeast,  east  and  southeast  of  it,  whose  height  is  near  that 
of  the  bottom  of  the  till ;  for  some  reason  they  left  the  small  area 
of  the  hill  for  the  accumulation  of  the  deposited  material. 

J.  D.  D. 

5.  The  Copper-bearing  rocke  of  the  Lake  Superior  region,  — 
In  a  notice  of  Professor  Irving's  report  on  these  rocks  in  the  last 
volume  of  this  Journal  (p.  462),  the  view  of  the  author  is  stated 
as  to  their  relations  to  the  Annimikie  group  on  the  north  shore 
of  Lake  Superior,  and  the  Lake  Superior  sandstone,  that  (1)  the 
Annimikie  group  is  Huronian;  (2)  that  the  Keweenaw  series  is 
overlaid  unconformably  by  the  "Eastern  Lake  Superior  sand- 
stone;" (8)  that  the  latter  is  probably  Potsdam  in  age,  as  held  by 
most  geologists  **  from  Owen  to  Rominger ;"  (4)  that  the  unfossil- 
iferous  Keweenaw  series  may  be  older  Cambrian. 

We  add  here  the  views  of  Professor  N.  H.  Winchell,  Geologist 
of  Minnesota,  on  the  same  points,  as  given  in  the  10th  Report 
(1881),  of  the  Geological  Survey,  and  noticed  in  the  Appendix  of 
Professor  Irving's  li^port.  On  the  first  of  these  points  they  are 
the  same  as  above.  On  the  second,  or  the  unconformability  of 
the  copper-bearing  rocks  and  the  overlying  series,  there  is  agree- 
ment also;  as  Slated  on  page  123,  '^at  different  places  No.  1 
[the  light-colored  sandstone  seen  in  the  Mississippi  river  bluffs 
and  the  bluffs  of  the  St.  Croix,  containing  LinguIsB  and  trilobites], 
and  2  [the  horizontal,  sandstones  of  the  south  shore  of  Lake 
Superior,  holding  fucoids  and  Scolithus],  have  been  seen  uncon- 
formably overlying  portions  of  No.  3  [the  copper-bearing  series 
or  so-called  I^eweenaw  formation]."  On  the  third.  Professor 
Winchell  holds,  from  the  fossils  of  the  Eastern  sandstone  and  the 
St.  Croix  beds,  that  the  group  probably  belongs  above  the  Pots- 
dam sandstone,  though  Professor  Hall  refers  the  St.  Croix  fossils 
to  that  period.  On  the  fourth  point  he  makes  the  copper-bearing 
rocks  equivalents  of  the  Potsdam  series. 

The  argument  for  the  last-mentioned  conclusion  is  largely 
lithological  and  therefore  of  little  or  no  weight.  That  from  the 
fossils  in  the  slates  and  sandstones  of  St.  Croix  is  indecisive,  as 
remarked  by  Professor  Irving,  since  the  precise  age  of  the  fossils, 
whether  Potsdam  or  later,  is  not  certain.  The  Lingulss  of  the 
iandstones  of  Tequamenon  Bay,  found  by  Rominger,  which  led 
kirn  to  refer  those  sandstones  to  the  Potsdam,  Professor  Winchell 
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says  make   the  Keweenaw  series    Potsdam,   if  the   rocks  are 
equivalents. 

Mr.  Wadsworth's  discussion  of  the  subject  will  be  found  in  his 
memoir  on  the  Iron  and  Copper  Districts  of  Lake  Superior,  in 
vol.  i,  of  the  geological  series  of  the  Museum  of  comparative 
Zoology. 

6.  The  Geological  and  Natural  History  Survey  ^Minnesota, 
The  12th  Annual  Report,  for  the  year  1883,  N.  IL  Win-chell, 
State  Geologist. — This  Report  contains  a  paper  on  the  compara- 
tive strength  of  Minnesota  and  New  England  granites,  by  N.  BL 
Winchell.  The  experiments  were  made  on  2-inch  cubes  unpol- 
ished and  appear  to  have  been  conducted  with  care.  The  average 
strength  in  pounds  of  20  samples  of  Minnesota  granites,  crushed 
between  steel  plates,  was  found  to  be  104,800  pounds,  or  26,200  per 
square  inch  of  surface ;  when  crushed  between  wooden  cushions, 
93,272  pounds,  or  23,318  pounds  per  square  inch.  The  tests  were 
applied  by  Mr.  James  Cocroft,  under  the  direction  of  Gen.  Q.  A, 
Gil  more. 

The  average  obtained  by  Gen.  Gilmore  for  20  New  England 
granites  (in  1875)  was  09,785  pounds,  or  14,946  pounds  per 
square  inch. 

The  Minnesota  granites  are  ArchsBan.  How  far  this  is  the  fact 
with  those  of  New  England  is  not  known.  An  explanation  of 
the  differences  might  be  obtained  by  an  investigation  into  the 
relative  porosity  of  the  rocks,  or  their  absorbent  quality,  the 
amount  of  mica,  the  presence  of  which  fissile  and  feebly  adherent 
mineral  must  always  diminish  strength,  and  other  textural 
differences. 

Following  this  report  on  granites  the  volume  is  occupied  by  a 
final  report  on  the  Crustacea  of  Minnesota,  included  in  the  orders 
Cladocera  and  Copepoda,  by  C.  L.  Herrick,  assistant  in  zoology, 
which  extends  to  192  pages,  contains  a  large  number  of  new 
forms,  and  is  illustrated  by  numerous  plates.  This  extended 
memoir  contains  also  ^'a  synopsis  of  the  described  species  in 
North  America,  and  keys  to  the  known  species  of  the  more 
important  genera." 

7.  Report  of  the  Oeologicdl  Survey  of  Ohio^  Vol.  v.  Economic 
Geology;  Edward  Outon,  State  Geologist.  1124  pp.  8vo. 
Colunibus,  Ohio,  1884. — The  various  economical  products  from 
the  rocks  of  Ohio  are  the  subjects  treated  in  this  lar^e  volume, 
The  stratigraphy  and  characteristics  of  the  Coals,  Iron  Ores. 
Building  Stones,  Clays,  and  the  methods  of  working  and  the 
industries  connected  therewith,  are  first  reviewed  at  length,  and 
then  special  reports  added  on  the  coal  beds  of  different  regions 
in  Ohio.  Besides  Professor  Orton,  there  are  among  the  authors 
on  these  subjects,  A.  Roy,  Inspector  of  Mines ;  N.  W.  Lord  on 
the  Iron  manufacture,  H.  Newton  on  the  manufacture  of  Coke ; 
Edward  Orton,  Jr.,  on  the  clays  and  their  industries ;  E.  Mc- 
Millin,  on  Gas  Coals ;  and  for  the  special  reports  on  coal  regions, 
A.  A.  Wright,  C.  N.  Brown  and  E.  Orton,  Jr.     There  is  also  a 
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report  on  analyses  of  Coals,  etc.,  by  N.  W.  Lord ;  and  another 
on  the  Glacial  boundary  in  Ohio,  by  Prof.  G.  F.  Wright.  The 
Yolume  is  illustrated  by  many  sections  and  maps.  It  is  a  valua- 
ble contribution  to  economical  geological  science. 

8.  Contributiom  to  ths  Tertiary  Geology  and  Paleontology 
of  the  United  States ;  by  Angblo  Heilpein,  Prof,  of  Itivert. 
Paleont.  at,  and  6urator  in  charge  of,  the  Acad.  Nat.  Sci.,  Philad. 
118  pp.  8vo,  with  a  colored  geological  map,  showing  the  distri- 
bution of  the  several  divisions  of  the  Tertiary  along  the  Atlantic 
coast  and  around  the  Gulf  of  Mexico. — This  volume  consists  of 
the  collected  papers  of  Mr.  Heilprin  on  the  United  States  Ter- 
tiary, published  by  the  Philadelphia  Academy  of  Sciences, 
emended  in  some  points,  with  new  papers  by  him  on  the  same  gen- 
eral subject.  The  Tertiary  paleontology  of  North  America  has 
needed  a  thorough  revision  in  order  to  reconcile  discrepancies 
between  the  results  of  different  authors,  correct  references  to  local- 
ities, add  further  facts  as  to  true  stratigraphical  order,  and  make 
full  compaiisons  and  all  necessary  identifications  with  the 
described  species  of  the  foreign  Tertiary.  Mr.  Heilprin  has  been 
working  in  these  directions,  and  has  brought  out  a  volume  of 
great  service  to  American  geology,  although  much  still  remains 
to  be  done.  His  classification  of  the  American  marine  Tertiary 
has  already  been  given  in  this  Journal,  vol.  xxiv,  p.  228,  1882. 

9.  ^Report  PPP  of  the  Geological  Survey  of  Penfisylvania 
on  Devonian  Ceratiocaridce,  by  C.  E.  Beecuek,  with  2  plates, 
and  on  Carboniferous  Mirypteridoi,  by  James  Hall,  with  6 
plates. — ^Mr.  Beecher  describes  new  species  of  the  genera  Echino- 
earis^  JSlymocaris  and  IVopidocaris^  the  two  latter  genera  being 
also  new.  The  number  of  species  of  the  group  reached  its  max- 
imum, according  to  the  investigations  thus  far  made,  in  the 
Chemung  period.  Prof.  Hall  describes  the  new  species  Miryp- 
terus  JSeecheri  and  M  stylus. 

10.  On  the  Structure  and  Affinities  of  the  Recepta>culidm ;  by 
Dr.  G.  J.  HiNDE.  (Jour.  Geol.  Soc,  1884,  795.)— Dr.  Hinde  dis- 
cusses with  great  fullness  the  structure  and  relations  of  these 
singular  fossils,  and  concludes  that  they  belong  with  the  siliceous 
hexactinellid  sponges.  The  body  wails,  he  observes,  are  com- 
posed of  spicules  of  the  hexactinellid  type,  but  modified  by  the 
development  of  regular  rhomboidal  or  hexagonal  plates  in  place 
of  the  head  ray  of  the  normal  spicule.  The  family  is  represented 
in  the  Lower  and  Upper  Silurian,  sparingly  in  the.Devonian,  by  a 
single  doubtful  species  in  the  Carboniferous  (descnbed  by  F. 
Bdmer,  from  Silesia  beds),  and  not  in  later  rocks. 

11.  Paleozoic  Corals.  Spitzenbergen  fossils. — G.  Lindstrom  has 
an  '*  Index  to  generic  names  applied  to  the  corals  of  the  Paleozoic 
formations  "  in  the  Handlingar  of  the  Swedish  Royal  Academy, 
vol.  viii.  No.  8,  1883. 

The  same  volume  contains  a  paper,  by  B.  Litndgbbn  on  the 
Jurassic  and  Triassic  fossils  of  Spitzbergeq,  collected  by  the 
Swedish  Expedition  of  1 882 ;  and  also  another,  by  Th.  Ftjohs^  od 
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the  Tertiary  shells  of  Spitzbergen,  from  the  same  collections. 
The  Tertiary  shells  include  species  (not  satisfactorily  determin* 
able)  of  SUiquaria^  PhareUa^  Psammosolen  and  Venus  (  Circom^ 
phalus)^  from  the  lower  horizon  near  Eolbay,  and  Cytherea 
(Callista),  and  Psammobia  from  the  upper,  at  Advent  Bay,  all 
unknown  from  the  Arctic  seas ;  also  a  Tkracia^  larger  than  the 
largest  known.  He  observes  that  the  species  appear  to  be 
Miocene,  or  later  rather  than  earlier;  and  that  they  do  not 
sustain  the  view  put  forward  by  Gardener  that  the  era  of  the 
Polar  flora  was  Eocene  instead  ot  Miocene. 

12.  Geology  of  Delaware. — Professor  F.  D.  Chbsteb  has  a 
paper  on  the  geology  of  the  State  of  Delaware  in  the  volume  of 
the  Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadel- 
phia for  1884,  pp.  237-260. 

13.  Lower  Silurian  age  of  the  Peach  Bottom  roofing  slates  of 
York  and  Lancaster  Counties^  Pennsylvania. — Dr.  P.  Fbazbb 
has  found  fossil  plants  in  these  roofing  slates  and  probable  frag- 
ments, in  Prof.  James  Hall's  judgment,  of  graptolites,  which 
point  to  the  Hudson  River  or  Quebec  group  age  of  the  slates. 
The  locality  is  on  the  Lower  Susquehanna.  The  rocks  are  much 
tilted,  and  near  the  slates,  and  apparently  above  them  occurs  a 
quartz-slate,  containing,  like  the  Chikis  quartzyte,  intercalated 
hydromicaceous  beds.  They  are  among  a  series  of  chloritic 
schists. 

14.  Paleozoic  Arachnida. — Mr.  S.  H.  Sgudder  has  published  a 
revision  of  the  subdivisions  of  fossil  Arachnids  in  a  paper  in  the 
Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  1884, 
p.  13,  in  which  he  describes  the  new  genera  Poliochera^  Oeror 
phrynus  and  Geralinura  for  Mazon  Creek  species,  and  the  new 
species  Anthracomartvs  pusttdat%iSy  from  the  same  locality ;  also 
Anthracomartus  trilobitus  from  the  sub-conglomerate  coal-meas- 
ares  near  Fayetteville,  Arkansas. 

16.  Professor  E.  D.  Cope  on  fossil  Vertebrates. — ^Professor  Cope 
has  recently  published  the  following  papers : 

The  North  American  Batrachia,  Amer.  Nat.,  January,  1884. 

Synopsis  of  the  Species  of  the  OreodontidsB,  Amer.  PhiL  Soa, 
January,  1884. 

Structure  of  the  skull  in  the  Elasmobranch  genus  Didymodus, 
Amer.  Phil.  Soc,  March,  1884. 

The  Creodonta,  Amer.  Nat.,  March,  1884. 

The  Tertiary  Jtfarsupialia,  Amer.  Nat.,  July,  1884. 

The  Extinct  Mammalia  of  the  Valley  of  Mexico,  Amer.  Phil. 
Soc,  May,  1884. 

The  Mastodons  of  North  America,  Amer.  Nat.,  May,  1884, 

On  the  Structure  of  the  feet  in  the  extinct  Artiodactyla  of 
North  America,  Ibid.,  August,  1884. 

i  Fifth  contribution  to  the  knowledge  of  the  Fauna  of  the  Per- 
mian formation  ol  Texas  and  the  Indian  Territory,  Amer.  PhiL 
Soc,  August,  1884.. 

16.  Note  on  Braailian  Minerals  ;  by  Obyillb  A.  Dbbby. — ^In 
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sn  examination  of  the  heavy  sands  accompanying  the  diamond 
at  the  newly  discovered  washings  of  Salobro  or  Canaviciras,  near 
the  mouth  of  the  Jeqaelinhonha  in  southern  Bahia,  Professor 
Oorceix  notes  the  absence  of  the  oxides  of  titanium  (rutile  and 
octahedrite),  of  the  hydrous  phosphates  of  alumina  and  cerium, 
and  of  tourmaline,  so  characteristic  of  the  diamond  sands  of 
Diamantina,  Bagagens,  and  of  the  diamond  region  of  Bahia. 
These  sands  are  remarkable  for  containing  monazite  (the  most 
abundant  mineral  after  quartz),  zircon,  staurolite  and  corundum. 
The  last  two  are  noted  for  the  first  time  among  the  minerals 
accompanying  the  diamond,  and  the  last,  corundum,  for  the  first 
time  definitely,  in  Brazil.  Zircon,  which  is  quite  abundant,  had 
been  found  rarely  in  the  diamond  sands  of  Bahia  bv  Damour  but 
never  in  those  of  Minas,  while  monazite  had  only  been  found 
rarely  in  a  single  locality  in  the  Diamantina  district. 

Prof.  Gorceix  has  also  studied  the  favas  (Lima  beans)  of  the 
miners  which  are  very  characteristic  of  the  diamond  deposits  of 
Diamantina  and  western  Minas  Geraes.  These  are  discoid  peb- 
bles resembling  in  shape  the  seed  from  which  they  take  their 
name,  which  decrepitate  and  give  much  water  in  the  closed  tube. 
Three  series  are  recognized,  two  of  which  contain  silica,  alumina 
and  a  small  proportion  of  phosphoric  acid.  The  other  more 
interesting  series,  of  which  the  analysis  has  not  yet  been  com- 
pleted, contain  titanic,  phosphoric  and  vanadic  acids,  and  the 
bases  alumina,  lime,  iron,  cerium,  yttrium  and  didymium. 

Christianite  has  been  recognized  by  the  same  author  in  a 
decomposed  pyroxenic  rock  from  the  head-waters  of  the  Abaete, 
a  western  tributary  of  the  upper  San  Francisco.  The  following 
analyses  are  given. 

Ko.  1.  No.  2. 

8iO, 47-5  46-9 

A1,0, 20-6  21-6 

Fe,0« 11  2-4 

CaO 7-6  70 

MgO 31  2-3 

KO 4-4  4-6 

NaO 0-8  1-6 

HO, 150  160 

1001  101-3 

— AnnaU  du  JBscola  de  Minas  de  Ouro  Preto,  vol.  iii. 

17.  Spodumene  crystaU  of  gigantic  size;  by  Wiluam  P. 
Blakb.  (Communicated.) — The  excavations  upon  the  Etta  tin 
mine  in  Pennington  County,  Dakota,  have  exposed  numerous 
crystals  of  spodumene  of  unusually  large  dimensions.  One  crys- 
tal which  extends  horizontally  parallel  with  a  drift  is  thirty-six 
feel  in  length  in  a  straight  line,  and  is  from  one  to  three  feet  in 
thickness.  It  penetrates  massive  quartz  and  feldspar.  The 
•cleavage  is  smooth  and  straight,  but  the  lateral  and  terminal 
planes  are  obscure.  Crystals  from  five  to  twenty  feet  long  are 
onmerous  and  incline  in  all  directions. 
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18.  Minerals  from  Kangerdtuarmk  in  Greenland, — A  paper 
recently  published  by  Dr.  Lorenzen,  of  Copenhagen,  contains, 
analyses  and  crystallopfraphic  notes  on  several  minerals  from 
Kangerdluarsuk  in  Greenland  ;  an  earlier  paper  by  the  same 
author  has  already  been  noticed  (this  Journal,  xxv,  158).  The 
name  JRinkite  is  given  to  a  mineral  occurring  in  monoclinic  crys* 
tals  with  arfvedsonite,  segirite,  eudialyte,  etc.  Its  color  is  yel- 
lowish brown  when  fresh,  but  the  crystals  are  often  alti^red  so  as 
to  have  an  earthy  structure  and  straw-yellow  color.  The  hard- 
ness is  5,  the  specific  gravity  3*46.  The  mean  of  several  analyses^ 
yielded : 

SiO,        TiOa     CeO  DiO  LaO     TO       FeO        CaO       NaO         FI 

29-08     13-36         21-26         0-92     044     23.26     8-98     5-82 

=103-11,  deduct  2-45  O  =  100-66 

II  IT 

For  this  the  formula  proposed  is  2RR0,+NaFl,  although  the 
correctness  of  the  formula  is  not  fully  established.  The  name 
Polylitkionite  is  given  to  a  variety  of  lithia  mica  unusually  rich, 
in  lithium.     An  analysis  gave : 

SiO,  AlaO,  FeO  K,0  Na,0        LiaO  Fl 

69-26         12-57        0-93        5-37        703       9-04        7-32  = 

102-11,  deduct  308  O  =  99-08 

In  optical  relations  this  lithia  mica  stands  very  near  zinnwaldite^ 
but  is  remarkable  in  containing  more  silica ;  this,  the  author  states,, 
cannot  be  due  to  impurity. 

19.  Synopsis  Miiieralogica :  Systematische  Uebersicht  dea 
Mineral reichs,  entworfen  von  Dr.  Albin  Weisbach.  Zweiie 
Auflage,  87  pp.  8vo.  Freiberg,  1884.  (J.  6.  Engelhardt.)— This 
work  contains  a  list  of  mineral  species  with  a  stati^ment  of  their 
composition,  and  in  most  cases,  the  crystalline  system  to  which 
they  belong  ;  the  system  of  classification  is  rather  artificial. 

III.  Botany  and  Zoology. 

1.  Comparative  Anatomy  of  the  Phanerogams  and  Ferns; 
by  Dr.  A.  DkBary,  Professor  in  the  University  of  Strassburg. 
Translated  and  annotated  by  F.  O.  Bower,  M.A.,  F.L.S.,  and 
D.  H.  Scott,  M.A.,  Ph.D.,  F.L.S.  (Clarendon  Press,  Oxford. 
1884;  pp.  659.) — DeBary's  Vergleichende  Anatomic  has  been  in 
the  hands  of  students  since  1877.  It  has  been  everywhere  recog- 
nized as  the  most  exhaustive  work  on  the  subject  hitherto  pub- 
lished, but  owing  to  this  very  fact  and  to  its  extremely  technical 
character,  we  had  almost  despaired  of  seeing  it  in  print  in  £ng* 
lish.  A  manuscript  translation  prepared  four  years  ago  by  Miss 
Mary  Chapman,  of  Boston,  has  done  good  service  in  the  Botan- 
ical Laboratory,  in  Cambridge,  and  has  made  known  to  not  a 
few  students,  unfamiliar  with  German,  the  excellencies  of 
DeBary's  treatise.     From  what  the  present  writer  has  seen  of 
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the  pleasure  with  which  even  a  maDnscript  translation  has  been 
employed,  he  feela  sure  that  the  well  printed  and  convenient 
translation  whicli  now  comes  to  us  will  have  many  more  appreci- 
ative students  than  the  publishers  have  looked  for. 

ProfesHor  DeBary,  in  the  preface,  complains  of  the  patchwork 
character  of  parts  of  the  volume.  He  says  that  he  had  hardly 
finished  one  portion  before  those  preceding  it  were  out  of  date, 
and  by  remodelling,  such  portions  necessarily  lost  something  of 
thidr  due  proportion.  But  this  is  true  of  all  encyclopedic 
treatises,  and  serves  to  indicate  the  magnitude  of  the  work  which 
DeBary  has  so  well  done. 

The  treatise  is  in  two  parts :  (1^,  Forms  of  tissue ;  (2),  Arrange- 
ment of  the  forms  of  tissue.  Ihe  classification  adopted  in  the 
first  part  is  as  follows :  Cellular  tissuey  including  epidermis,  cork 
and  parenchyma;  (2),  Sderenchyma^  comprising  so-called  "hard 
bast ;"  (3),  Secretory  reservoirs^  or  sacs ;  (4),  TVacAcoB,  including 
Tracheids;  {6\  Sieve-tubes  ;  {fi)yLaticiferous  tubes.  The  account 
of  intercellular  spaces  is  placed  properly  in  an  appendix.  Under 
Abranobment  of  these  tissues,  the  author  considers  the  occur- 
rence of  each  kind  in  all  classes  of  vascular  plants,  and  regards 
the  subject  largely  from  the  point  of  view  of  development. 

The  amount  of  material  which  is  here  brought  together  is 
absolutely  surprising.  The  references  are  very  copious  and,  as  we 
have  had  occasion  to  note  in  a  large  number  of  cases,  given  with- 
out serious  error  in  citation  of  volume  or  page.  Although  a- 
part  of  the  work  of  compilation  must  have  been  irksome  in  the- 
eztreme,  it  has  been  thoroughly  and  carefully  done,  and  the 
treatise  will  long  remain  the  most  valuable  digest  of  vegetable 
histology. 

The  translators  have  given  us  a  good  version.  Here  and 
there  exception  might  be  taken  to  their  readings,  but  they  are 
chiefly  minor  points  which  do  not  seriously  impair  the  value  of 
the  hand-book.  Almost  unqualified  commendation  can  be  given 
to  the  translation  for  its  fidelity,  and,  what  is  better,  its  clear- 
ness. The  annotations  add  much  to  the  value  of  the  work  and 
bring  portions  of  the  subject  down  to  a  recent  date.  Lastly,  it 
should  be  said  that  the  index  is  a  marvel  of  completeness  and 
accuracy,  and  places  this  encyclopedic  treatise,  which  is  crowded 
with  details,  perfectly  at  the  service  of  the  student.        g.  l.  g. 

2.  Living  organisms  hi  the  air  at  high  altitudes. — A  paper  by 
M.  £.  DB  Fbeitdbbigh,  on  the  number  of  living  organisms  in  the 
air  about  the  Swiss  Alps,  is  published  in  the  Geneva  Archives  des 
Sciences  for  November  last  (Nov.  16).  He  shows  that  the  obser- 
vations of  Pasteur  and  Tyndall,  as  far  as  relating  to  this  special 
point,  are  unsatisfactory  because  the  germs  are  not  destroyed  at 
the  temperature  of  ebullition,  but  require  110°  C,  and  because 
the  amount  of  air  thus  examined  by  the  method  they  used  waa 
very  small — hardly  more  than  half  a  liter,  he  says,  in  Tyndall's 
experiments.  Mr.  Freuderich,  in  order  to  make  his  trials  on  a 
large  volume  of  air,  used  first  a  hand  air  pump,  which  passed  a^ 
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liter  of  air  at  each  stroke  of  the  piston,  and  in  more  recent  trials, 
a  portable  steam  pump  which,  under  a  pressure  of  two  atmos- 
pheres, could  move  2500  to  3000  liters  an  hour.  The  mean 
amount  used  was  150  liters  an  hour.  The  oriianisms  wore  de- 
tained by  a  wad  of  spun  glass  in  a  glass  tube,  various  precautions 
being  used  to  insure  accuracy.  Each  wad  was  afterward  divided 
and  each  half  put  into  a  portion  of  beef  bouillon  lor  the  develop- 
ment of  any  microbes  present,  in  which  process  the  bouillou 
became  clouded.  The  method  is  one  proposed  by  Dr.  Miqnel  in 
the  Annuaire  de  Montsouris  for  1884.  His  trials  in  1884  were 
made  at  the  Theodule  Pass,  near  Zermatt,  3322*°  in  elevation, 
above  the  limit  of  perpetual  snow;  on  the  Aletsch  glacier,  2d00™; 
and  in  part  at  the  summit  of  the  Niesen,  2:^60'°,  situated  on  the 
border  of  Lake  Thun  and  surrounded  by  numcroui?  vilhiges. 

On  the  Aletsch  glacier,  July  16-17,  one  trial  of  5(i0  liters  of  air, 
gave  no  organism ;  another  of  800  liters,  afiorded  oiu*  "  inaigre  " 
JBacillua  subtilis;  one  of  250  liters,  a  single  or&^anism  of  the 
family  TorulacesB ;  one  of  50  liters,  a  single  Micrococcus — about 
which  there  was  some  doubt.  He  thus  obtained  from  2000  liters 
of  air,  at  a  height  of  about  3000  meters,  two  Bacteria  (a  Bacil- 
lus and  a  Micrococcus)  besides  one  of  the  Torulacese.  In  the 
second  series  of  experiments,  at  the  St.  Theodule  Pass,  September 
6,  7,  one  Bacterium  termo  was  obtained  from  3000  liters,  or  three 
cubic  meters  of  air.  In  contrast  with  this  extreme  purity,  the  air 
at  Berne  gave  him  in  one  trial  hundreds  and  even  thousancJK  to 
the  cubic  meter ;  and  among  the  organisms  in  one  case  there  were 
444  microbes  to  the  cubic  meter,  in  another  250. 

On  the  mountain  of  Niesen,  in  the  last  of  July  and  first  of 
August,  rain,  snow  and  a  severe  storm,  complicated  the  trials. 
600  liters  of  air,  under  these  conditions,  gave  4  Bacteria  (all  of 
one  species);  and  in  another  trial,  4  Bacteria  for  1726  liters. 
Adding  the  two,  it  makes  3  to  4  Bacteria  to  the  cubic  meter. 
With  reference  to  the  Bacteria  being  of  a  single  specie**,  the  author 
states  that  oh  the  plain  in  1881,  M.  Miqud  found  14  Bacilli  to 
79  of  Micrococcus  and  7  of  Bacteria;  and  the  author  had  a  similar 
result  at  Berne. 

M.  Freuderich  reports  also  other  similar  results  from  diiFerent 
localities,  and  observes  that  the  purity  of  the  air  of  the  mountains 
is  far  greater  than  had  been  deduced  from  the  trials  of  Pasteur 
and  others;  that  it  is  not  exceeded  by  the  air  over  the  ocean, 
from  which  Commander  Moreau  obtained  ^according  to  a  com- 
munication from  Dr.  Miquel  in  the  Semaine  Medicale  of  March  6, 
1884),  five  to  six  Bacteria  to  a  cubic  meter. 

3.  Description  of  an  impregnated  uterue  and  tJie  uterine  ova 
of  Echidna  ht/strix, — Professor  Richard  Owen  (Ann.  M^ig. 
N.  H.,  V,  xiv,  373,  Dec,  1884),  refers  to  his  papers  in  the  Philo- 
sophical Transactions  ot  1865  and  1880,  on  reproduction  in  the 
Echidna,  and  his  account  and  figures  in  the  latter  paper  illustrat- 
ing a  specimen  in  which  the  left  uterus  contained  three  ova,  the 
Jargest  6""  in  diameter.     He  then  gives  a  description  and  figures 
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of  the  right  and  left  uterus,  each  with  a  collapsed  ovum,  of  an 
Echidna  captured  near  Toowoomba,  in  1882.  In  both  uteri  the 
absence  of  any  connection  of  the  ova  with  the  uterine  walls  was 
«hown  by  their  floating  freely  as  moved  by  the  feeble  wave  of 
the  menstruum  in  which  the  dissection  was  made. 

ITie  paper  closes  with  a  copy  of  a  letter  from  W.  H.  Caldwell 
addressed  by  him  to  the  Sydney  (N.  S.  W.)  Herald,  Sept.  16, 
1884.  Mr.  Caldwell  observes  that  in  both  the  Ornithorhynchus 
-and  Echidna  "  the  araounf  of  food-yolk  in  the  egg  is  very  large, 
and  that  consequently,  there  is  only  a  partial  aegmentum  (mero- 
blastic  type)."  The  egg  is  laid  at  an  age  equal  to  a  30-hour-old 
•chick,  and  is  enclosed  in  a  strong,  flexible,  white  shell;  it  is 
three-quarters  of  an  inch  long  in  the  longer  diameter,  and  one- 
half  inch  in  the  shorter.  Ornithorhynchus  produces  two  eggs  at 
a  birth.  Echidna,  one;  the  former  places  the  eggs  at  the  end  of 
one  of  the  burrows,  the  latter  her  one  in  a  ventral  pouch.  Mr, 
Caldwell  states  that  lie  has  already  worked  out  most  of  the  stages 
in  the  development,  and  hopes  to  obtain  a  sufficient  number  of 
8pecime?is  to  complete  his  investigation  during  the  present  breed- 
ing Heason.  He  has  also  obtained,  since  his  arrival  last  October, 
many  embryos  of  several  genera  of  Marsupials  for  study. 

4.  A  PolythMamian  from  a  Salt-pool  near  Dkva  in  Transyl- 
vania.— The  first  known  species  of  a  polythalamian  from  conti- 
nental waters  nas  been  desci-ibed  by  Dr.  E.  von  Dadat.  Its 
«hell  is  much  like  that  of  a  Rotalia  in  its  spiral  form;  like  Tro- 
chammina  in  structure ;  and  like  the  Difflugim  and  the  Poly- 
fnorphiita  silicea  in  the  constitution  of  its  shell,  it  being  chitinous 
with  some  siliceous  scales  in  its  texture.  The  author  names  it 
Mitzia  tetrastomella,  and  regards  it  as  probably  representing  a 
group,  along  with  some  forms  of  the  genus  Trochammina^  which 
unites  the  imperforate  with  the  perforate  Polythalamia,  and  the 
group  of  the  Lagenidse  with  that  of  the  GlobigerinsB.  Of  the 
associated  protozoans  in  the  salt-pools  in  the  region,  nine  have 
hitherto  been  found  only  in  saline  inland  waters,  while  ten  occur 
boih  in  saline  inlan<l  waters  and  the  sea,  and  seven  of  these  ten 
are  found  both  in  fresh  and  saline  inland  waters.  Dr.  Daday 
remarks  that  the  facts  decidedly  favor  the  opinion  of  Professor 
6.  Entz,  that  the  protozoans  of  the  saline  inland  waters  of  Tran- 
sylvania are  more  nearly  allied  to  those  of  the  sea  than  to  those 
ot  the  fresh  water. — Ann,  Mag.  N,  Hiat,^  Nov.,  1884. 

6.  Food  of  Mice, — Professor  F.  H.  Stobeb,  in  a  paper  in  the 
Bulletin  of  the  Bussey  Institution,  (vol.  ii.  Part  iv,  1884),  de- 
scribes the  effects  of  feeding  mice  on  painter^s  putty  (made  of 
ground  chalk  (whiting)  and  oil,  either  linseed  or  fish  oil),  and 
putty  made  of  other  substances.  They  were  fed  with  the  whiting 
putty  in  balls  and  ate  freely  10  or  12  balls  (12  weighing  20 
gramtt,  of  which  3*3  grams  were  oil)  daily  besides  their  allow* 
ance  of  oats.  The  excrements  became  white  and  chalky,  free 
from  the  oil  and  very  abundant,  the  quantity  of  chalk  discharged 
amounting  to  more  than  one-third  the  weight  of  the  animals. 
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A  like  mixture  of  barium  carbonate  or  lead  carbonate  and  oil, 
killed  the  mice;  but  they  ate,  apparently  without  injury,  a  putty 
made  of  mixed  barium  carbonate  and  whiting,  in  the  proportion 
of  1  to  6,  and  so  also  a  putty  made  of  lead  carbonate  and  whit- 
ing, in  the  proportion  of  I  to  4.  The  protective  influence  of  the 
calcium  carbonate  in  these  cases  is,  as  Dr.  Storer  observes,  a  fact 
of  much  interest ;  and  the  fact  that  th(*v  eat  common  putty  with 
relish  for  the  oil  it  contains  is  one  of  ^n'blic  importance. 

6.  Annals  of  the  New  York  Academy  of  Sciences. — Numbers 
3  and  4  (in  one)  of  the  Annals  conlainK  an  elaborate  paper  by  W* 
G.  BiNNKY  on  the  Jaw  and  Lingual  Dentition  of  Pulmonate  Mol- 
lusks,  illustrated  by  16  plates. 

7.  Prodronius  fawim  MediterranecB^  she  Descriptio  Animal- 
turn  Maris  MediterraJiei  Inrolarum,  qwfxm  compnrata  Silva  rerum 
quatenus  innoliiii  arlji-ctis  lofis  i-t  nominibus  vulgaribus,  eorura- 


ue  auctoribus  in  conimoduni  Zooloororum  congfssit  Julius  Victor 
8vo.       Stuttgart,   1884.     (E.    Schweizorbart'sche   Verlagsh.    (E. 


s 


iarus.     Pars.  I,  Ccelenterata,   Echinodtrmaia,  Vermes.     283  ])t 


Koch)  ). — This  first  j)art  of  theProdromus  contains  brief  classified 
descriptions  of  the  animal  S|)eeies  of  the  Mediterranean,  belonging 
to  the  tribes  stated  in  the  title,  and  has  been  prepared  by  one 
of  the  best  of  European  zoologists.  It  is  especially  convenient 
for  the  zoological  lahoratories  on  the  coasts  ol  tiie  Mediterranean^ 
but  has  great  value  for  other  seas  and  regions. 

8.  T/ie  Auk:  a  Quarterly  Journal  of  Ornithology. — No.  4  of 
the  first  volume  of  this  excellent  journal  was  issued  in  October. 
Mr.  E.  P.  Bicknell  publishes  in  it  an  interesting  *' Study  of  the 
Singing  of  our  Birds;"  J.  P.  Howley  a  paper  on  the  Canada 
Goose  {Bernicla  Canadensis)  \  W.  W.  Cooke,  on  the  distribu- 
tion ana  migration  of  HarrisV  Fincli  (Zonotnchia  qaerula);  F. 
Stephens,  on  LeConte's  Thrasher,  and  ct>lU*cting  in  the  Colorado 
Desert;  J.  A.  Allen,  on  zoological  nomenclature;  besides  which 
there  are 'various  other  valuable  contributions. 

9.  The  iSiluroid  fish,  Arniftrus  catus.  —  A  thorough  study  of 
this  species  has  been  made  by  Canadian  zoologists  and  the  results 
are  the  subjects  of  several  finely  illustrated  articles  in  the  Pro- 
ceedings of  the  Canadian  Institute,  Toronto,  vol.  ii,  fasc.  8,  Oct.^ 
1884 ;  by  Professors  U.  Ramsay  Wright,  J.  Playfair  McMur- 
BiCH,  A.  B.  Macallum,  and  T.  McKkjjzik. 

10.  The  Development  of  ReniUa ;  by  Ei>mund  B.  Wilsos", 
Ph.D.,  Fellow  of  the  Johns  Hopkins  University.  93  pp.,  4to, 
with  16  plates. 

IV.  Astronomy. 

1.  Abstract  of  a  Report  to  the  Solfr  Physics  Committee  on  a 
Comparison  bettoeen  appttrent  Inequalities  of  Short  Period  in 
Sun- Spot  Areas  and  in  Diurnal  Temper utare- Ranges  at  Taronto^ 
and  at  Kew  ;  by  Balfour  Stewart,  M.A.,  LL.D.,  F.K.S.,  and 
William  Lant  Carpentkr,  B.A.,  KSc. — ^Tt  has  been  known  for 
some  time  that  there  is  a  close  connection  between  the  inequalities 
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in  the  state  of  the  sun's  surface  as  denoted  by  sun-spot  areas 
and  those  in  terri'Strial  mapcnetisni  as  denoted  by  the  diurnal 
ranges  of  oscillation  of  the  declination  magnet ;  and  moreover  the 
observations  of  various  meteorologiHts  have  induced  us  to  suspect 
that  there  may  likewise  be  a  connection  between  solar  Inequalities 
4ind  those  in  terrestrial  meteorology. 

This  latter  connection,  however  (assuming  it  to  exist),  is  not  so 
well  established  as  the  former,  at  least  if  we  compare  together 
Inequalities  of  long  period.  It  has  been  attempted  to  explain 
this  by  imagining  that  for  long  periods  the  state  of  the  atmo- 
sphere as  regards  absorption  may  change  in  such  a  manner  as  to 
cloak  or  diminish  the  effects  of  solar  variation  by  increasing  ab- 
soi-ption  when  the  sun  is  strongest  and  diminishing  absorption 
when  the  sun  is  weakest. 

On  this  account  it  seemed  desirable  to  the  authors  to  make  a 
comparison  of  this  kind  between  Khori-perio«l  Inequalities,  since 
for  these  the  length  of  period  could  not  so  easily  be  deemed  suffi- 
cient to  produce  a  great  alteration  of  the  above  nature  in  the 
state  of  the  atmosphere. 

The  meteorological  element  selected  for  comparison  with  sun- 
spots  was  the  diurnal  range  of  atmospheric  temperature,  an  ele- 
ment which  presents  in  its  variations  a  very  strong  analogy  to 
diurnal  declination-ranges. 

There  are  two  ways  in  which  a  comparison  may  be  made  be- 
tween solar  and  terrestrial  Inequalities.  We  may  take  each  indi- 
vidual oscillation  in  sun-spot  areas,  and  find  the  value  of  the  ter- 
restrial element  corresponding  in  time  to  the  maximum  and  the 
minimum  of  the  solar  wave.  If  we  were  to  perform  this  opera- 
tion for  every  individual  solar  Inequality,  and  add  together  the 
results,  we  might  probably  find  that  the  magnetic  declination- 
range  was  largest  when  there  were  most  sun-spots.  If,  however, 
we  were  to  make  a  similar  comparison  between  sun-spot  daily 
areas  and  diurnal  temperature-ranges  we  might  not  obtain  a  deci- 
sive result.  For  at  certain  stations,  such  as  Toronto,  it  is  sus- 
pected ^tbe  verification  or  disproval  of.  this  suspicion  being  one 
of  the  ODJects  of  this  paper)  that  there  are  two  maxima  and  two 
minima  of  temperature-range  for  one  of  sun-spots.  The  effect  of 
this  might  be  that  in  such  a  comparison  the  temperature-range 
corresponding  to  a  maximum  of  sun-spots  might  be  equal  in  value 
to  that  corresponding  to  a  minimum,  or,  in  other  words,  we  should 
get  no  apparent  result,  while,  however,  by  some  other  process 
proofs  of  a  real  connection  might  be  obtained.  But  if  we  can  get 
evidences  of  apparent  periodicity  in  sun-spot  fluctuations  when 
dealt  with  in  a  particular  manner,  we  have  at  once  a  method 
which  will  afford  us  a  definite  means  of  comparison.  And  here, 
as  Professor  Stokes  has  pointed  out,  it  is  not  necessary  for  our 

E resent  purpose  to  discuss  the  question  whether  these  sun-spot 
nequalities  have  a  real  or  only  an  apparent  periodicity.  All  that 
is  needful  is  to  treat  the  terrestrial  phenomena  in  a  similar  manner, 
or  in  a  manner  as  nearly  similar  as  the  observations  will  allow. 
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and  then  see  whether  they  also  exhibit  periodicities  (apparent  or 
real)  having  yirtually  the  same  times  as  those  of  sun-spots,  the 
phases  of  the  two  sets  of  phenomena  being  likewise  allied  to  one 
another  in  a  constant  manner. 

It  is  snch  a  comparison  that  the  authors  have  made,  their 
method  of  analysis  being  one  which  enables  them  to  detect  the 
existence  of  unknown  Inequalities  having  apparent  periodicity  in 
a  mass  of  observations.  A  description  of  this  method  has  already 
been  published  in  the  "  Proceedings  of  the  Royal  Society "  for 
May  15th,  1S19,  The  comparison  was  made  by  this  method  be- 
tween sun-spot  observations  extending  from  1832  to  1867  inclu- 
sive, Toronto  temperature-range  observations  extending  from 
1844  to  1879  inclusive,  and  Kew  temperature-range  observations 
extending  from  1866  to  1879  inclusive.  The  following  conclu- 
sions were  obtained  from  this  comparison. 

(1)  Sun-spot  Inequalities  around  24  and  26  days,  whether  ap- 
parent or  real,  seem  to  have  periods  very  nearly  the  same  as 
those  of  terrestrial  meteorogical  Inequalities  as  exhibited  by  the 
daily  temperature-ranges  at  Toronto  and  at  Kew. 

(2)  While  the  sun-spots  and  the  Kew  temperature-range  In- 
equalities present  evidence  of  a  single  oscillation,  the  correspond- 
ing Toronto  temperature-range  Inequalities  present  evidence  of  a 
double  oscillation. 

(3)  Setting  the  celestial  and  terrestrial  members  of  each  indi- 
vidual Inequality,  so  as  to  start  together  from  the  same  absolute 
time,  it  is  found  that  the  solar  maximum  occurs  about  8  or  9  daya 
after  one  of  the  Toronto  maxima,  and  the  Kew  temperature-range 
maximum  about  7  days  after  the  same  Toronto  maximum. 

(4)  The  proportional  oscillation  exhibited  by  the  temperature- 
range  Inequalities  is  much  less  than  the  proportional  oscillation 
exhibited  by  the  corresponding  solar  Inequalities. — I^oc.  JRoy. 
Socy  No.  232. 

2.  Astronomical  Observations  and  Researchee  made  at  Dun- 
sink.  Fifth  Part,  Dublin,  1884. — ^Dr.  Ball  has  in  this  volume 
given  the  result  of  a  systematic  search  for  stars  of  measurable 
parallax.  Nearly  four  hundred  stars  were  examined,  with  a  neg- 
ative result ;  that  is,  they  did  not  indicate  an  annual  parallax 
large  enough  to  lead  him  to  give  further  attention  to  them.  The 
details  of  his  measurements  are  given.  Upon  four  stars,  how- 
ever. Dr.  Ball  has  made  elaborate  measurements  and  obtained 
these  parallaxes : 

61  Cygni,  ;r=0'-4676. 

Groombridge,  1618,     9r=  0**322. 

P.  Ill,  242,  ir  =  0'-045. 

6  Gygnl,  ^ssO'^Sa. 

The  parallax  of  61  Cy^ni  differs  little  from  that  obtained  by 
Professor  Hall  at  Washington,  Professor  HalPs  result  being 
0'*4783.  The  several  parallaxes  of  this  double  star  obtained  by 
Struve,  Auwers,  Hall  and  Ball  indicate  that  the  true  value  cannot 
difier  much  from  one-half  a  second.    The  small  negative  parallax 
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of  P.  m,  242,  Btriotly  taken  implies  that  this  star  is  a  little  more 
distant  than  the  8th  magnitude  comparison  star,  37*,  877. 

8.  Zones  and  Zoite  Catcdotfue  of  the  National  Argentine 
Oheervntory. — The  four  quarto  volumes  of  star  positions  referred 
to  by  Dr.  B.  A.  Gould  in  his  letter  in  the  December  number  of 
this  Journal,  have  been  receive<l.  Two  of  them,  vols,  iii  and  iv, 
contain  zone  observations  made  in  1873,  and  two,  vols,  vii  and 
viii,  contain  the  zone  catalo<]^ne.  This  extends  from  declination 
—  28°  to  —  80**,  covering  thus  a  zone  from  —  23°  to  —  30°  which 
Argelander  had  ob^^crvod  near  his  southern  horizon  at  Bonn,  and 
part  of  the  region  of  Gilliss's  observations  near  the  South  Pole. 

The  whole  number  of  stars  in  the  Catalogue  is  73,160.  A  few 
stars  are  entered  as  of  the  tenth  magnitude,  though  the  limit  was 
in  general  the  9^  masj^nitude.  Most  of  the  stars  were  observed 
but  once,  the  total  number  of  zone  observations  being  somewhat 
over  100,000.  This  zone  cataloprue  constitutes  the  second  of  the 
three  principal  contributions  which  the  Argentine  Government 
and  Dr.  Gould  are  furnishing  to  astronomers.  The  first  was  the 
Uranometria  Argentina,  already  published ;  the  third  is  the  gen- 
eral catalogue  of  stars  spoken  of  in  his  letter  to  Professor  Dana, 
quoted  in  the  last  number  of  this  Journal. 

4.  International  Conference  held  at  Washington  for  the  pur- 
pose affixing  a  l^ime  Meridian  and  a  Unf versa!  Day^  October^ 
1884. — A  volume  of  212  pp.,  large  octavo,  has  just  been  published 
containing  detailed  reports  of  the  eiirbt  sessicms  of  the  Interna- 
tional Conference,  the  first  held  on  October  1st,  and  the  last  on 
November  1,  1884.  This  record  is  all  the  more  valuable  and 
interesting  in  view  of  the  important  results  to  which  the  discus- 
sions here  printed  in  full  finally  led. 

V.    Miscellaneous  Scientific  Intelligence. 

1.  Systematic  Earthquake  Observations. — On  Nov.  21,  1884,  a 
conference  was  held  in  Washington  to  consider  and  arrange  a 
systematic  plan  of  earthquake  observation  throughout  the  coun- 
try. It  was  called  by  the  Director  of  the  Geological  Survey,  and 
there  were  present  Messrs.  J.  W.  Powell,  C.  E.  Dutton,  and  G.  K. 
Gilbert  of  the  Geological  Survey,  H.  M.  I^aul  of  the  Naval  Observa- 
tory, Cleveland  Abb^  and  C.  F.  Marvin,  of  the  Signal  service,  W. 
M.  Davis  of  Harvard  College  and  C.  G.  Rock  wood,  Jr.,  oi  Prince- 
ton College. 

It  was  considered  desirable  to  attempt  work  in  two  directions. 
First. — The  collection  of  more  reliable  non-instrumental  observa- 
tions, by  the  general  distribution  of  circulars  of  information  and 
blank  reports,  to  be  filled  up  and  returned  to  some  central  office 
after  the  occurrence  of  an  earthquake.  It  is  proposed  to  distribute 
these  circulars  as  widely  as  possible,  and  Professor  Rockwood 
was  requested  to  prepare  forms  for  the  necessary  correspondence. 
Second. — ^The  establishment  of  stations  provided  with  instru- 
ments for  the  more  or  less  complete  recording  of  the  earth's  mo- 
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tion.  These  would  probably  be  of  two  grades ;  the  more  Dumer- 
ous  ones  having  some  simple  and  inexpensive  form  of  seismoscope 
to  record  the  occurrence  of  a  shock  and  to  mark  the  time  as 
exactly  as  possible,  while  a  less  number  of  selected  stations  would 
be  pro  video  with  more  elaborate  seismographs  to  record  as  fully 
as  possible  the  details  of  the  earth's  movement.  As  preliminary 
work  in  this  direction,  Messrs.  Paul,  Rockwood  and  Marvin  are  to 
report  upon  the  form  of  instruments  to  be  adopted  ;  and  Messrs. 
Rockwood,  Abb6  and  Davis  are  to  consider  the  best  geographical 
distribution  of  the  stations ;  Professor  Rockwood  having  under- 
taken to  prepare  a  chart  of  the  geographical  distribution  of  the 
earthquakes  which  have  occurred  in  the  United  States  and  Canada 
in  the  last  twelve  years  as  recorded  in  his  published  lists. 

Besides  this  preparation  for  observational  work  Mr.  Davis  is 
to  report  upon  the  bibliography  of  recent  seismology,  and  Mr. 
Paul  upon  instruments  already  employed  in  other  countries,  es- 
pecially Japan ;  while  otfier  related  topics  are  not  overlooked. 
The  work  is  to  be  conducted  under  the  supervision  of  the  U.  S. 
Geological  Survey  which  will  attend  to  the  executive  details  of 
the  scheme.  And  when  sufficient  observations  have  been  col- 
lected they  will  be  put  into  the  proper  hands  for  Scientific  discus- 
sion, o.  G.  H. 

2.  Volcanic  Phenomena  of  1 883,  (Die  Vulcanische  Ereignisse 
des  Jahres  1883.  19.  Jahresbericht  von  C.  W.  C.  Fuchs. — Min. 
u.  Petrog.  Mittheil.) — The  report  of  C.  W.  C.  Fuchs  contains 
as  usual  an  account  of  the  volcanic  eruptions  and  earthquakes  of 
the  year.  Moderate  eruptions  of  Etna  are  noted  during  March 
and  April,  and  others  during  the  year  from  Vesuvius  and  Coto- 
paxi  and  also  in  Iceland,  Nicaragua,  Colombia  and  Alaska.  But 
by  far  the  most  important  outbreak  was  the  great  eruption  of 
Krakatoa,  in  the  straits  of  Sunda,  on  August  26  and  27. 

The  activity  of  this  volcano,  which  formed  a  small  uninhabited 
island  lying  between  Java  and  Sumatra,  was  firat  reported  by  a 
passing  vessel  on  May  20,  as  indicated  by  white  clouds  topping 
Its  peak  and  a  considerable  fall  of  ashes.  It  was  noted  from  time 
to  time  during  the  summer  by  subterranean  explosions,  by  the 
expulsion  of  ashes  and  by  the  presence  of  large  amounts  of 
pumice  in  the  neighboririg  seas.  The  great  eruption  began  on 
August  26  and  culminated  on  the  27th  in  a  grand  explosion,  by 
which  a  larore  portion  of  the  mountain  was  blown  bodily  into  the 
air  and  fell  in  the  neighboring  straits,  forming  there  two  new 
islands  of  considerable  size,  which  however  have  since  yielded  to 
the  eroding  action  of  the  waves.  At  the  same  time  destructive 
eruptions  of  lava  and  ashes  were  taking  place  from  the  volcanoes 
Maha  Meru,  Gunung  Gunter,  Kandang  and  Papandayang  in  Java. 

The  explosion  of  Krakatoa  not  only  changed  very  much  the 
conlormalion  of  that  island,  reducing  its  land  area  by  over  two- 
thirds,  hut  gave  rise  to  immense  sea  waves,  which  washed  all  the 
surro'undiiig  coasts,  carrying  death  and  destruction  to  all  in  their 
way,  and  were  still  sensibly  felt  at  far  distant  places  in  Africa 
and  America.     It  also  caused  an  atmospheric   wave  which  was 
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traced  three  times  around  the  earth  by  irregularities  in  the  tmc- 
ings  of  self-registering  barometers. 

Dr.  Fuchs  does  not  favor  the  idea  that  the  wonderful  sky-glows 
observed  during  the  past  winter  were  caused  by  dust  from  Kra- 
katoa  disseminated  in  the  upper  strata  of  the  atmosphere.  And 
he  remarks  that  "  the  eruption  of  Krakatoa  although  very  violent 
has  been  equaled  or  exceeded  by  others ;  e.  g.,  that  of  Asama- 
yama  1788,  of  Temboro  1815,  of  Coseguina  1835,  as  well  as  by 
Hekia  1845,  Mauna  Loa  1866,  and  Pochutla  1870.  In  no  one  of 
these  cases,"  he  says,  "  was  a  similar  sky-glow  observed."  It  may 
be  remarked,  however,  that  the  absence  of  any  such  observation  in 
connection  with  former  great  eruptions  is  by  no  means  conclusive ; 
for  some  eruptions,  as  that  of  Mauna  Loa  referred  to,  consisted 
mostly  of  lava  flows,  with  which  no  great  amount  of  ashes  was 
ejected,  nor  to  any  great  altitude ; — others,  as  Hekla,  which  ex- 
hibited more  of  the  explosive  character,  were  in  much  higher  lati- 
tudes and  out  of  the  great  equatorial  currents  of  the  atmosphere ; 
while  in  earlier  cases,  as  Temboro,  the  phenomena  might  easily 
have  escaped  recognition  and  record. 

The  record  of  earthquakes  includes  263  items,  of  which  79  are 
on  the  American  Continent  and  have  been  already  noticed  in  this 
Journal.*  By  seasons  they  are  distributed  as  follows : — Winter 
56  (Dec.  21,  Jan.  21,  Feb.  14) ;  Spring  66  (March  22,  April  20, 
May  24)  ;  Summer  68  (June  20,  July  29,  Aug.  19);  Autumn  73 
(Sept.  29,  Oct.  30,  Nov.  14).  On  41  days  there  were  shocks  in 
two  or  more  localities,  and  at  24  places  there  were  shocks  on 
several  dates. 

The  most  important  earthquake  was  that  in  Ischia,  July  28.f 
In  regard  to  its  causes  Dr.  Fuchs  says : — The  earthquake  of  July, 
1883,  does  not  belong  to  the  volcanic  earthquakes  hitherto  fre- 
quent in  the  island ;  and  a  real  downfall  or  a  collapse  of  a  great 
cavity  finds  as  little  reason.  The  materials  of  the  hill  have  only 
shifted  somewhat  and  rearranged  themselves  until  they  again 
found  sufficient  support.  And  this  change  was  completed  at  a 
moderate  depth.  On  this  account  was  the  surface  action  of  the 
earthquake  uncommonly  strong  and  its  extent  very  limited." 

An  appendix  adds  a  few  items  for  1880  and  1882,  and  notices 
the  monograph  of  Professor  A.  Forster  on  the  Berne  Earthquake 
of  Jan.  27,  1881  ;  and  that  of  Dr.  R.  Canaval  on  the  Carinthian 
Earthquake  of  Nov.  5,  1881.  c.  g.  r. 

3.  Second  Annual  Report  of  the  Bureau  of  Ethnology  to  the 
Secretary  of  the  Smithsonian  Institution y  1880-81 ;  by  J.  W. 
Powell,  Director.  477  pp.  4to,  with  numerous  plates  and  fig- 
ures. Washington,  1884. — This  volume  is  a  worthy  companion 
in  its  subject  matter  and  illustrations  to  its  predecessor  issued  a 
year  or  so  ago.  It  shows  the  rapid  progress  which  is  being 
made  in  the  work  of  studying  and  recording  the  languages, 
manners  and  customs  of  our  Indian  tribes — a  work  the  value  and 
importance  of  which  can  hardly  be  overestimated.  The  volume 
*  voL  xxvii,  p.  358.  f  vol.  xxvi,  p.  473. 
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opens  with  the  report  of  the  Director,  in  which  is  given  a  state- 
ment of  the  plan  on  which  the  work  is  being  carried  forward,  and 
a  summary  of  the  work  done  by  a  number  of  specialists  in  differ- 
ent subjects.  The  following  is  a  list  of  the  papers  printed  in  full 
and  making  up  the  bulk  of  the  volume :  Zimi  fetiches,  by  F.  H. 
Gushing;  Myths  of  the  Iroquois,  by  Mrs.  Erminnie  A.  Smith; 
Auimal  Carvings  from  the  mounds  of  the  Mississippi  Valley,  by 
H.  W.  Henshaw ;  Navajo  Silversmiths,  by  Dr.  Washington 
Matthews,  U.  S.  A.;  Art  in  Shell  of  the  ancient  Americans,  by 
W.  H.  Holmes;  Illustrated  Catalogue  of  the  collections  obtained 
from  the  Indians  of  New  Mexico  and  Arizona,  in  1 879,  and  from 
the  Indians  of  New  Mexico,  in  1880,  by  James  Stevenson. 
These  papers  contain  a  vast  amount  of  interesting  and  valuable 
material  rendered  the  more  attractive  by  the  profusion  of  illustra- 
tions, upwards  of  700  in  number,  and  many  of  them  colored,  the 
excellence  of  the  execution  of  which  leaves  nothing  to  be  desired. 
4.  bulletin  of  the  New  England  Meteorological  Society ^  No. 
1,  November,  1884,  with  a  map.-^This  bulletin  contains  a  sum- 
mary of  the  meteorological  conditions  of  New  England  for 
November,  based  upon  reports  from  forty-five  observers,  six  of 
whom  were  connected  with  the  U.  S.  Signal  Service.  Besides 
the  statement  of  the  conditions  as  to  precipitation,  temperature, 
storms,  wind,  auroras  and  earthquakes,  etc.,  some  experiments 
are  mentioned  as  having  been  made  by  Mr.  Desmond  Fitz  Gerald, 
of  Brookline,  ''  to  show  the  highest  and  lowest  temperatures  in 
the  open  air  and  in  the  woods  under  deciduous,  and  under  pine 
trees.  Extreme  differences  of  7°  in  the  maximum,  and  9°  in  the 
minimum  temperatures  were  noted.  The  mean  of  twenty-four 
observations  gave  the  following  results : 

Open  Air.        Deciduous  Woods.     Pine  Woods. 

Maximum 50''-62  50'-18  47''-88 

Minimum 25'*-82  26'* -32  26''68" 

In  regard  to  the  objects  aimed  at  by  the  Society  we  quote 
from  the  Bulletin.  "  The  New  England  Meteorological  Society 
was  formed  in  Boston,  in  June,  1884,  to  promote  the  study  of 
atmospheric  phenomena  in  New  JEngland.  The  aim  of  the  Soci- 
ety is  to  promote  uniformity  and  accuracy  among  observers,  to 
establish  systematic  observations  in  new  localities,  and  to  discuss 
and  publish  the  results  obtained.  .  .  .  The  Council  has  begun  its 
work  by  undertaking  to  collect  statistics  of  meteorological  phe- 
nomena, and  to  issue  a  monthly  bulletin  containing  a  summary 
of  the  observations,  with  such  other  items  of  interest  as  it  may 
be  possible  to  present  from  time  to  time.  Special  attention  is 
paid  tp  precipitation  and  range  of  temperature,  and  many  more 
observers  are  needed.  Observations  are  welcomed  from  any  one, 
whether  a  member  of  the  Society  or  not.  In  order  to  secure 
greater  uniformity  and  accuracy  in  the  records,  circulars  have 
been  prepared  containing  suggestions  as  to  instruments  to  be 
used  and  the  best  methods  of  exposure ;  they  can  be  obtained  on 
application  to  the  Director,  together  with  blank  forms  for  record- 
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iDg  the  observations.  The  Society  is  a  voluntary  association, 
and  depends  upon  the  fees  of  its  members  for  the  cost  of  issuing 
its  bulletin,  and  for  its  other  expenses.  It  is,  therefore,  hoped 
that  all  interested  in  meteorology  will  connect  themselves  with  it 
and  aid  in  promoting  the  objects  it  has  in  view.  Correspondence 
relating  to  the  Society  and  to  membership  should  be  addressed  to 
W.  M.  Davis,  Secretary,  Cambridge,  Mass.  Correspondence  re- 
lating to  matters  of  observation  should  be  addressed  to  Winslow 
Upton,  Director,  Providence,  R.  I." 

6.  American  Society  for  Psychical  Research.  —  A  Society  has 
been  recently  organized  at  Boston,  the  object  of  which,  like  that 
of  a  similar  Society  formed  in  England  in  1 882,  is  (to  quote  from 
the  proceedings  of  the  latter)  to  make  "  an  organized  and  syste- 
matic attempt  to  investigate  that  large  group  of  debatable  phe- 
nomena designated  by  such  terms  as  mesmeric,  psychical  and 
spiritualistic.  From  the  recorded  testimony  of  many  competent 
witnesses,  past  and  present,  including  observations  recently  made 
by  scientific  men  of  eminence  in  various  countries,  there  appears 
to  be,  amidst  much  illusion  and  deception,  an  important  body  of 
remarkable  phenomena,  which  are  primd  facie  inexplicable  on 
any  generally  recognized  hypothesis,  and  which,  if  incontestably 
established,  would  be  of  the  highest  possible  value.  The  task  of 
examining  such  residual  phenomena  has  often  been  undertaken 
by  individual  effort,  but  never  hitherto  by  a  scientific  society 
organized  on  a  sufficiently  broad  basis.  The  aim  of  the  Society 
is  to  approach  these  various  problems  without  prejudice  or  pre- 
possession of  any  kind,  and  in  the  same  spirit  of  exact  and  unim- 
passioned  inquiry  which  has  enabled  science  to  solve  so  many 
problems,  once  not  less  obscure  nor  less  hotly  debated." 

The  Committee  appointed  consists  of  nine  gentlemen,  viz :  G. 
Stanley  Hall  ^hairman),  E.  C.  Pickering,  William  James,  Al- 
pheus  Hyatt,  Samuel  H.  Scudder,  H.  P.  Bowditch,  C.  S.  Minot, 
William  Watson,  N.  D.  C.  Hodges  (Secretary,  19  Brattle  street, 
Cambridge). 

6.  American  Pearls.  —  At  the  Philadelphia  meeting  of  the 
American  Association  for  the  Advancement  of  Science,  Mr.  Geo. 
F.  Kunz  read  a  preliminary  paper  on  the  **  American  Pearl,"  treat- 
ing of  its  history,  production,  value  and  uses.  Mr.  Kunz  states 
that  he  is  still  engaged  on  this  subject,  which  will  in  the  near 
future  be  illustrated  and  published  by  the  United  States  Fisheries 
Conunission  in  their  bulletin,  and  he  would  greatly  appreciate, 
and  give  full  credit  for,  any  reliable  facts  that  may  be  furnished 
to  him.     His  address  is  Tiffany  <fe  Co.,  New  York  City. 

7.  Spazlergdnge  durch  das  Reich  der  Sterne;  Astronomische 
Feuilletons  von  M.  Wilhklm  Meyer.  321  pp.  8vo.  Vienna, 
1885  ^A.  Hartleben's  Verlag). — The  author,  formerly  first  astron- 
omer in  Geneva,  has  brought  together  in  this  volume  a  very 
readable  and,  for  the  general  public,  instructive  series  of  essays 
upon  various  astronomical  subjects.  They  are  written  in  a  bright 
fresh  style  with  a  good  deal  of  quiet  humor.     A  fair  impression 
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of  the  character  of  the  volume  may  be  obtained  from  the  titles 
of  some  of  the  chapters  taken  at  random,  such  as: — The  Son  of  the 
Earth  (the  Moon)  ;  A  well  known  guest  (the  Comet  Pons) ;  The 
Star  of  the  three  Kings  (new  Stars) ;  How  one  becomes  an 
Astronomer  (Bessel). 

8.  Miaha  Mitchell  Scientific  Society  of  Itcbleigh^  N,  C,  Jour- 
nal for  the  year  1883-84. — This  society,  now  a  year  old,  is  named 
after  an  able  professor  of  Chemistry  of  the  University  of  North 
Carolina,  £lisha  Mitchell — "a  naturalist  by  inheritance,  by  in- 
clination, by  education  and  by  profession"— whose  lamented  death 
occurred  in  1 857,  by  a  fall  from  a  precipice  while  descending  Black 
Mountain.  In  1835  he  measured  the  altitude  of  this  peak,  and 
found  it  5,508  feet  above  Morgantown,  which,  with  the  now  known 
height  of  Morgantown,  makes  it  6,708  feet  above  the  sea — only 
7  feet  above  the  height  obtained  by  Professor  Guyot  in  1856. 
His  ascent  in  1857  was  undertaken  to  remove  a  lingering  doubt 
as  to  whether  the  peak  measured  was  the  highest  or  not  of  the 
group.  The  name  given  the  society  is  one  of  many  honors  to  his 
memory  from  the  citizens  of  North  Carolina.  This  first  publica- 
tion of  the  Society  contains  papers  on  the  phosphatic  deposits  of 
North  Carolina,  by  C.  W.  Dabney,  Jr.  and  W.  B.  Phillips,  analyses 
of  the  cassiterite  of  King's  Mountain,  N.  C,  by  C.  W.  Dabney; 
on  Indian  Burial  Grounds  of  North  Carolina,  by  J.  A.  Holmes, 
and  other  papers  of  interest. 

9.  Leisure  Moure  among  the  Gems;  by  Augustus  C.  Hamlin. 
439  pp.  8vo,  with  two  colored  plates.  Boston,  1884  (James 
Osgood  &  Co.) — The  author  has  brought  together  in  this  volume 
many  interesting  facts  in  regard  to  the  more  important  gems, 
their  occurrence,  history,  etc.  The  scientific  theories  ad- 
vanced, however,  will  not  always  bear  examination,  and  a 
good  deal  of  space  is  given  to  the  discussion  of  irrelevant  matter. 

A  Treatise  on  the  Principles  of  Chemistry,  by  M.  M.  Pattison  Muir,  M.A., 
F.R.S.E.     488  pp.  8vo.     Cambridge,  1884.    (University  Preas.) 

The  Elements  of  Chemistry,  Inorganic  and  Organid,  by  Professor  Sidney  A. 
Norton.  504  pp.  8vo.  Cincinnati  and  New  York,  1884.  (Van  Antwerp 
Bragg  A  Co.) 

Bulletin  de  la  Soci^te  Beige  d'^Iectriciens,  Tome  premier,  1884.    Brussells. 

Bulletin  No.  2,  of  the  Illinois  State  Museum  of  Natural  History,  Springfield, 
Illinois,  28  pp.  8vo.  Contains  descriptions  of  new  Carboniferous  Crustaceans, 
MoUusks  and  Crinoids,  by  A.  li.  Worthen. 

Memoirs  of  the  Geological  Survey  of  India. — ^Foesil  Echinoidea  from  Western 
SLnd,  with  16  plates,  by  P.  Martin  Duncan  and  W.  Percy  Sladen.     Calcutta,  1882 

OBITUARY. 

Hermann  Kolbb. — It  is  announced  that  the  German  chemist. 
Professor  Hermann  Kolbe,  died  suddenly  on  the  25th  of  last 
November,  in  his  67th  year.  A  sketch  of  his  life  and  work  is 
promised  to  appear  in  the  coming  number  of  the  Journal  fUr 
praMische  Chetnie,  of  which  he  was  long  the  editor. 
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BENJAMIN   SILLIMAN. 

BsKJAMiN  SiLLlMAN,  8on  of  Benjamia  Silliman  the  foander 
of  this  Joarnal,  and  long  one  of  its  editors,  died  at  New 
Haven,  Connecticut,  on  the  fourteenth  of  January,  1885. 

Mr.  Silliman  was  born  in  New  Haven,  on  the  fourth  of 
December,  1816.  His  mother,  Harriet  Trumbull,  was  the 
daughter  of  Jonathan  Trumbull,  Q-overnor  of  the  State  of  Con- 
necticut from  1798  to  1809.  Surrounded  from  his  childhood 
by  an  atmosphere  of  science,  he  early  made  acquisitions  in 
chemistry  and  mineralogy,  and  exhibited  also  much  interest  in 
the  practical  arts  and  mechanics.  He  entered  Yale  College  in 
August,  1833,  and  was  graduated  four  years  later,  with  the 
class  of  1837,  a  class  which  included  an  unusual  number  of 
men  who  have  since  had  prominent  positions  in  the  country. 
Before  graduation,  in  the  summer  of  1886,  he  began  his  mining 
explorations  in  a  visit  with  his  father  to  the  gold  region  of 
Virginia,  a  report  on  which,  over  thirty  pages  in  length,  by  his 
father,  is  contained  in  volume  xxxii  of  this  Journal. 


Am.  Joitb.  Sci.— Third  Sbriss,  yoi#.  XXIX,  No.  170.— Feb.,  1886. 
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After  leaving  college,  in  1887,  he  became  his  father's  assistant 
in  chemistry  and  his  other  departments,  a  position  just  then  left 
vacant  by  the  resignation  of  Mr.  J.  D.  Dana,  who  had  received 
an  appointment  to  the  department  of  Geology  and  Mineralogy 
in  the  Wilkes  Exploring  Expedition. 

The  Laboratory  gave  him  opportunities  for  experiment  and 
study  of  which  he  assiduously  availed  himself ;  and  by  the 
year  1842  he  had,  without  outside  help,  of  which  the  country 
afforded  then  almost  nothing,  acquired  sufficient  knowledge  of 
general  and  analytical  chemistry  and  mineralogy  to  enable  him 
to  instruct  others  on  these  subjects,  and  he  received  a  few 
students  in  what  would  now  be  called  very  narrow  quarters  in 
the  old  laboratory  of  the  college.  One  of  the  earliest  of  these 
private  pupils  was  Mr.  John  P.  Norton,  afterward  Mr.  Silliman's 
associate,  who  studied  with  him  in  1842  and  1848,  and  later 
spent  two  years  in  laboratories  in  Edinburgh  and  Utrecht. 
Another  was  Mr.  T.  Sterry  Hunt,  who  commenced  his  studies 
with  Mr.  Silliman  in  1845, — then  a  young  man  of  20  years, 
having  some  knowledge  of  chemistry  and  a  zeal  for  science, 
which  he  brought  with  him  from  his  home  in  Norwich  (Con- 
necticut), that  commended  him  strongly  to  both  the  Sillimans. 

This  was  the  commencement  of  work  in  advanced  chemistry 
in  the  College  ;  but  it  was  outside  of  the  College  curriculum 
and  had  no  recognition  from  the  College  authorities.  In  1846 
a  memoir  to  the  Corporation  by  himself,  adopted  and  seconded 
by  his  father,  urging  the  official  recognition  and  organization  of 
a  new  department  of  advanced  science,  led  to  the  establish- 
ment  of  the  '*  Department  of  Philosophy  and  the  Arts.''  The 
"School  of  Applied  Chemistry"  was  organized  under  this 
department,  and  placed  in  the  charge  of  Mr.  Silliman,  as 
Professor  of  Chemistry  applied  to  the  Arts,  and  Mr.  John  P. 
Norton,  as  Professor  of  Agricultural  Chemistry.  The  school 
took  possession  of  the  old  Presidential  /esidence  on  the  college 
ground,  which  the  professors,  without  salaries  from  the  college. 
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and  at  their  own  expense,  fitted  up  for  the  purpose — by  the 
permission  of  College  authorities,  but  without  the  privilege  of 
using  the  building  free  of  rent.  Thus  Mr.  Silliman,  through 
his  zeal  and  energy,  early  made  a  strong  impressioh  on  the  sys- 
tem of  education  at  Yale;  and  the  College  had,  almost  un- 
knowingly to  itself,  taken  an  important  step  toward  the  rank 
and  character  of  a  university. 

The  School  was  successful  from  the  beginning,  and  the 
enthusiasm  of  the  professors  called  out  equal  enthusiasm  in  the 
pupils.  It  was  the  germ  from  which  proceeded  later,  under  an 
enlarged  facultj' — though  still  an  unpaid  self-sacrificing  faculty 
— the  Yale  Scientifi^j  School ;  and  this  prepared  the  way  for 
the  greater  expansion  under  the  generous  gifts  of  Mr.  Sheffield. 
Among  the  six  students  of  the  year  1847,  the  first  after  the 
new  organization,  were  three,  G.  J.  Brush,  S.  W.  Johnson  and 
Wm.  H.  Brewer,  who  later  became  professors  in  the  Yale 
Scientific  School,  and  are  still  in  active  service.  Mr.  Silliman's 
connection  with  the  Scientific  School  continued  until  1869,  but 
his  instruction  was  interrupted  by  his  residence  in  Louisville 
mentioned  below,  and  to  a  greater  or  less  degree  after  his 
return  to  New  Haven  by  duties  in  other  directions. 

In  1888,  Mr.  Silliman  became  associated  with  his  father  in 
the  editorship  of  the  American  Journal  of  Science  and  Arts, 
the  Journal  then  in  its  21st  year  and  Mr.  Silliman  in  his  22nd. 
This  arrangement  continued  until  the  close  of  1846,  when  the 
first  series  of  fifty  volumes  was  ended,  after  which  Mr.  James 
D.  Dana  was  associated  with  Mr.  Silliman  in  the  editorial 
duties.  Up  to  the  present  time,  1885,  his  name  has  stood 
among  those  of  the  editors  of  the  Journal  now  for  nearly  half 
a  century. 

In  the  winter  of  1845-46,  Mr.  Silliman  gave  a  course  of 
lectures  on  Agricultural  Chemistry  in  New  Orleans  upon  the 
invitation  of  leading  commercial  and  professional  men  in  that 
city.     In  1849  he  received  the  appointment  of  Professor  of 
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Medical  Chemistry  and  Toxicology  in  the  Medical  College  at 
Louisville,  Kentucky,  which  chair  he  occupied  for  five  years. 
Louisville  became  for  the  time  his  place  of  residence.  He 
relinquished  this  position  in  1854  to  enter  upon  instruction  in 
the  Academic  and  Medical  departments  of  Yale  College,  his 
father's  resignation  having  left  the  place  vacant.  His  position 
as  Professor  in  General  and  Applied  Chemistry  in  the  Aca- 
demic College  he  resigned  in  1870,  but  retained  his  connection 
with  the  Medical  School  until  his  death. 

In  1861  Mr.  Silliman  accompanied  his  father  on  the  latter's 
second  visit  to  Europe.  During  the  time  abroad  the  party 
visited  England  and  from  there  traveled  through  France  to 
Italy  and  Sicily.  On  the  return  some  time  was  spent  in  Switz- 
erland and  Germany.  The  journey  was  a  profitable  one  in 
many  waya  The  forrner  European  tour  of  his  father,  in 
1805-6,  had  been  cut  short  by  war  which  compelled  a  speedy 
retreat  after  a  brief  time  in  Holland,  and  it  was  a  special  delight 
to  him  now  to  visit  regions  of  volcanoes  and  glaciers,  which  had 
been  subjects  of  eloquent  lectures  by  him  for  so  many  years,  and 
to  see  face  to  face  the  men  whose  names  he  had  so  often  quoted, 
and  so  long  honored — Lyell  and  Murchison  in  England,  Brong- 
niart,  Milne-Edwards  and  £lie  de  Beaumont  in  Paris,  Marignac 
and  De  la  Bive  in  Geneva,  Humboldt,  Bose,  Liebig  and  others 
in  Germany;  and  in  this  pleasure  his  son  shared  most  pro- 
foundly. 

In  1858  Mr.  Silliman  ^had  charge  of  the  Chemical,  Mineralog- 
ical  and  Geological  department  of  the  Crystal  Palace  in  New 
York.  At  this  lime  he  edited,  in  connection  with  Mr. 
Charles  B.  Goodrich,  a  large  illustrated  quarto  volume  entitled 
the  "  World  of  Science,  Art  and  Industry ;"  and,  in  1864, 
another  similar  volume  entitled  ''The  Progress  of  Science  and 
Mechanism." 

In  March,  1864,  he  made  his  first  visit  to  California,  where, 
for  about  a  year,  he  was  engaged  in  the  professional  work  of 
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examining  and  reporting  on  mines.  His  mining  explorations 
at  this  time  were  extended  into  Arizona ;  and  one  of  the  vol- 
umes of  this  Journal  for  1866,  contains  an  accoant  by  him  of 
his  trip  to  the  Mojave  desert,  Fort  Mojave  and  the  San  Fran- 
cisco Mining  district.  This  visit  covered  the  period  of  his 
father's  death  at  New  Haven  which  occurred  in  November  of 
that  year.  A  second  visit  to  the  Pacific  States,  for  a  similar 
purpose,  was  made  by  him  in  the  year  1867,  and  still  another 
in  1872;  and  after  1872,  his  journeyings  as  a  mining  expert 
carried  him  over  nearly  all  the  rest  of  the  Bocky  Mountain 
region  within  the  limits  of  the  United  States. 

Mr.  Silliman's  scientific  publications  are  numerous  and  cover 
a  wide  field.  In  1846,  his  father's  work  on  chemistry  having 
been  long  out  of  print,  he  published  his  "  First  Principles  of 
Chemistry.''  The  work  had  many  excellent  features,  was 
highly  valued  in  the  country  and  met  with  great  success,  more 
than  fifty  thousand  copies  of  the  three  editions  (1846-1858) 
having  been  sold.  In  the  part  of  the  work  on  Organic  Chem- 
istry he  had  the  assistance  of  Dr.  T.  Sterry  Hunt.  About  ten 
years  later,  in  1868,  appeared  another  work,  of  somewhat  sim- 
ilar nature,  entitled  the  "  First  Principles  of  Physics  or  Natural 
Philosophy;"  a  second  edition  of  it  was  published  in  1860. 
For  the  work  the  author  modestly  claimed,  in  his  Preface,  only 
the  credit  that  ''  belongs  to  a  faithful  digest  and  compilation 
from  the  best  authorities  in  modern  science."  The  volume  con- 
tained a  vast  amount  of  matter,  well  arranged  for  instruction, 
and  for  many  years  it  was  the  best  known  of  Physical  text- 
books in  the  country. 

Mr.  Silliman's  papers  in  this  Journal  are  more  than  fifty  in 
number,  and  embrace  a  wide  range  of  subjects.  The  larger 
part  are  descriptions  of  minerals,  more  especially  from  the 
chemical  side,  and  among  the  papers  are  many  of  prominent 
interest :  on  the  composition  of  Calcareous  Corals  (1846) ;  on 
the  new  Ipeoies,  Emerald  Nickel,  from  Texas,  Pa.  (1847) ;  the 
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results  of  the  optical  examination  of  the  Micas  (1860) ;  on 
Gay-Lussite  from  near  Ragtown,  Nevada  (1866),  in  which  the 
occurrence  of  this  mineral  in  process  of  formation  is  described  ; 
on  Priceite  a  new  borate  of  lime  (1878);  on  Platinum  and 
Iridosmine  at  the  Cherokee  Gold  Mine,  California  (1873) ; 
Tellurium  ores  of  Colorado  (1874) ;  on  the  occurrence  of  Qt)ld 
with  scheelite  in  Idaho  (1877);  on  Jarosite  in  Arizona  (1879); 
on  Vanadates,  Chromates  and  Tungstates  in  Arizona  (1881) ; 
on  the  Iron  Mountain  of  Durango,  Mexico  (1882). 

In  the  department  of  mineralogy  he  always  took  an  active 
interest  His  opportunities  for  collection  were  large  and  he 
accumulated  a  fine  cabinet  which,  in  1868,  was  sold  to  Cornell 
University,  where  it  bears  the  name  of  the  Silliman  Cabinet. 
The  mineralogical  collections  of  Yale  College  are  indebted  to 
him  for  various  gifts;  and  through  his  personal  solicitation  of 
funds  the  Baron  Lederer  Collection  was  secured,  in  1848,  for 
the  college. 

Other  papers  by  him  relate  to  meteoric  stones  and  irons,  as 
those  of  Burlington,  N.  Y.,  Lockport,  N.  Y.,  of  Texas,  of  Con- 
cord, N.  H.,  Shingle  Springs,  Cal. ;  points  in  geology  and 
physical  optics;  photographic  experiments  with  the  voltaic 
arc,  then  a  matter  of  novelty;  the  illuminating  powers  of 
gas,  etc. 

Professor  Silliman  delivered  one  of  the  addresses  on  the 
occasion  of  the  celebration  of  the  Centennial  of  Chemistry  at 
Northumberland,  Pennsylvania  in  August,  1874,  which  took 
the  form  of  a  full  list  of  American  Contributions  to  Chemistry 
up  to  the  date  of  the  meeting ;  it  extended  to  one  hundred 
and  seventy-six  pages  and  is  a  valuable  historical  work,  the 
result  of  a  vast  amount  of  labor.  It  contains  a  complete  list 
of  his  own  papers  up  to  the  time  of  publication. 

Mr.  Silliman,  throughout  his  life,  but  especially  in  the  last 
twenty  years,  gave  a  large  part  of  his  energies  to  work  in 
applied  science,  including  the  examination  of  mines,  the  prep- 


Digitized  by 


Google 


Benjamin  Silliman.  91 

aration  of  reports  on  qaestions  connected  with  the  chemical 
arts  and  manafactares,  in  which  subjects  his  knowledge  was 
remarkably  extensive,  expert  testimony  in  courts,  and  other 
matters  of  practical  interest  His  reports  on  these  subjects 
have  been  very  numerous  aad  involved  a  great  amount  of 
work.  One  of  the  latest  and  most  important,  was  the  report 
to  the  National  Academy  of  Sciences,  as  chairman  of  a  com- 
mittee appointed  by  them,  on  the  subject  of  the  use  of  Sorghum 
as  a  source  of  sugar.  His  position  as  State  Chemist,  to  which 
he  was  appointed  in  1869,  also  gave  him  much  to  do  in  the 
line  of  applied  chemistry. 

Professor  Silliman  took  a  personal  interest  in  the  municipal 
afiairs  of  the  town  of  New  Haven,  and  in  his  early  life,  between 
1S45  and  1849,  he  was  a  member  of  the  Common  Council. 
He  was  one  of  the  fifty  original  members  of  the  National 
Academy  of  Sciences,  incorporated  by  Congress  in  1868.  He 
was  also  a  member  of  a  number  of  other  Scientific  Societies  at 
home  and  abroad. 

Professor  Silliman  was  a  man  of  exceedingly  generous  nature 
and  kindly  disposition.  He  was  ever  cheerful,  ever  inclined  to 
leok  upon  the  bright  side  of  life,  hopeful  and  sanguine  of  suc- 
cess where  others  might  be  discouraged ;  and  if  his  expecta- 
tions for  himself  and  others  were  not  always  realized,  it  was 
largely  owing  to  this  element  in  his  character.  In  society  he 
was  most  genial,  abounding  in  conversation  based  on  a  remark- 
able range  of  information  on  general  topics  and  with  anecdote 
ready  for  the  entertainment  of  his  guests.  Hospitality  to 
friends  of  the  College  or  to  men  of  science  or  to  those  of  his 
own  kin  and  personal  intimacy  was  his  delight,  and  to  this 
some  of  those  present  at  the  recent  meeting  of  the  British 
Association  can  testify. 

During  the  greater  part  of  his  life  Mr.  Silliman  enjoyed 
excellent  health.  He  had  much  more  than  the  ordinary  amount 
of  vigor,  and  rarely  felt  the  necessity  of  considering  whether 
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he  were  able  to  undertake  any  labor  proposed  to  him  or  not. 
Four  years  since,  after  an  excursion,  late  in  the  autumn  of 
1880  among  the  mountains  of  Pennsylvania,  he  was  prostrated 
for  some  weeks  with  heart  disease ;  and  it  seemed  to  his  friends 
for  awhile  that  at  the  best  his  days  of  active  work  were  at  an 
end.  But  in  the  course'  of  another  six  months  he  was  off  to 
New  Mexico  on  a  visit  to  the  Negretta  Mountains  (Black 
Range)  in  Socorro  County  ;  and  he  returned  from  the  elevated 
mountain  region  apparently  uninjared  by  the  trip,  though 
conscious  of  a  weakened  constitution.  His  energy  was  far 
from  giving  out ;  and  other  excursions  were  undertaken  in  the 
course  of  the  following  year8,  including  another  trip  to  New 
Mexico.  His  recent  illness  commenced  in  October  last,  with  a 
severe  return  of  his  heart  complaint,  complicated  by  an  attack 
of  pneumonia ;  and  from  that  time  his  decline  marie  slow  but 
steady  progress — more  visible  to  friends  than  to  himself. 

One  of  the  last  literary  labors  which  he  performed  was  the 
preparation,  for  the  National  Academy  of  Sciences,  of  a  memoir 
of  his  old  friend  and  colleague  at  Louisville,  Dr.  J.  Lawrence 
Smith ;  and  during  the  last  few  weeks  of  his  life,  when  his 
strength  was  already  largely  gone  he  gave  directions,  with  a 
touching  degree  of  affection  and  interest,  for  the  completion  of 
the  medal  which  was  to  commemorate  the  labors  of  his  Aca- 
demic associate.  The  generous,  whole-souled  affection  for  his 
friends,  which  characterized  his  entire  life,  was  never  more 
strongly  manifested  than  daring  his  last  days. 

The  funeral  services  took  place  at  the  College  Chapel  on  the 
seventeenth  of  January. 

Professor  Silliraan  was  married  in  May,  1840,  to  Miss  Susan 
H.  Forbes  of  New  Haven,  eldest  child  of  William  J.  and  Char- 
lotte Root  Forbes.  Mrs.  Silliman  died  in  March,  1878.  Four 
daughters  and  an  only  son  survive  them. 
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Abt.  XVI. — The  Organization  and  Plan  of  the  United  States 
Geological  Survey  ;  by  J.  W.  PowKLL.  With  a  map  (Plate 
1).  (Gommanicated  to  the  National  Academy^of  Sciences  at 
the  October  meeting  in  1884.) 

A  SCIENTIFIC  institution  or  bureau  operating  under.'goy- 
ernment  authority  can  be  controlled  by  statute  and  by  superior 
administrative  authority  but  to  a  limited  extent  These  opera- 
tions are  practically  carried  on  by  specialists,  and  they  can  be 
controlled  only  in  their  financial  operations  and  in  the  general 
purposes  for  which  investigations  are  made.  Their  methods  of 
investigation  are  their  own,— originate  with  themselves,  and 
are  carried  out  by  themselves.  But  in  relation  to  the  scientific 
operations  of  such  a  government  institution,  there  is  an  unofli- 
cial  authority  which,  though  not  immediately  felt,  ultimately 
steps  in  to  approve  or  condemn,  viz:  the  body  of  scientific 
men  of  the  country ;  and  though  their  authority  is  not  exer- 
cised antecedently  and  at  every  stage  of  the  work,  yet  it  is 
so  potent  that  no  national  scientific  institution  can  grow  and 
prosper  without  their  approval,  but  must  s<x)ner  or  later  fall 
and  perish  unless  sustained  by  their  strong  influence. 

As  director  of  the  Geological  Survey,  I  deeply  realize  that  I 
owe  allegiance  to  the  scientific  men  of  the  country,  and  for  this 
reason  I  desire  to  present  to  the  National  Academy  of  Sciences 
the  organization  and  plan  of  operations  of  the  Survey. 

A  Topographic  Map  of  the  United  States. 

Sound  geologic  research  is  based  on  geography.  Without  a 
good  topographic  map  geology  cannot  even  be  thoroughly 
studied,  and  the  publication  of  the  results  of  geologic  investi- 
gation is  very  imperfect  without  a  good  map ;  but  with  a  ^ood 
map  thorough  investigation  and  simple,  intelligible  publication 
become  possibla  Impelled  by  these  considerations  the  Survey 
is  making  a  topographic  map  of  the  United  States.     The  geo- 

Srapbic  basis  of  this  map  is  a  trigonometric  survey  by  which 
alum  points  are  established  throughout  the  country  ;  that  is, 
base-lines  are  measured  and  a  triangulation  extended  therefrom. 
This  trigonometric  work  is  executed  on  a  scale  only  sufficiently 
refined  for  map-making  purposes,  and  will  not  be  directly 
useful  for  geoaetic  purposes  in  determining  the  figure  of  the 
earth.  The  hypsometric  work  is  based  upon  the  railroad  levels 
of  the  country.  Throughout  the  greater  part  of  the  country, 
there  is  a  system  of  railroad  lines,  constituting  a  net-work. 
The  levels  or  profiles  of  these  roads  have  been  established  with 
reasonable  accuracy,  and  as  they  cross  |each  other  at  a  multipli- 


Digitized  by 


Google 


94  J,  W.  Powell — Organization  and  Plan   . 

city  of  points,  a  system  of  checks  is  afforded,  so  that  the  railroad 
surface  of  the  country  can  be  determined  therefrom  with  all 
the  accuracy  necessary  for  the  most  refined  and  elaborate  topo- 
graphic maps.  From  such  a  hypsometric  basis  the  reliefs  for 
the  whole  country  are  determined,  by  running  lines  of  levels, 
by  trigonometric  construction,  and  in  mountainous  regions  by 
barometric  observation. 

The  primary  triangulation  having  been  made,  the  topography 
is  executed  by  a  variety  of  methods,  adapted  to  the  peculiar 
conditions  found  in  various  portions  of  the  country.  To  a 
large  extent  the  plane-table  is  used.  In  the  hands  of  the  topo- 
graphers of  the  Geological  Survey  the  plane  table  is  not 
simply  a  portable  drafting  table  for  the  fiela ;  it  is  practically 
an  instrument  of  triangulation,  and  all  minor  positions  of  the 
details  of  topography  are  determined  through  its  use  by  trigo- 
nometric construction. 

The  scale  on  which  the  map  is  made  is  variabia  In  some  por- 
tions of  the  prairie  region,  and  in  the  region  of  the  great  plains, 
the  topography  and  the  geology  alike  are  simple,  and  maps  on 
a  comparatively  small  scale  are  sufficient  for  practical  purposes. 
For  these  districts  it  is  proposed  to  construct  the  sheets  of  the 
map  on  a  scale  of  1-250000,  or  about  four  miles  to  the  inch. 
\n  the  mountain  regions  of  the  West  the  geology  is  more  com- 
plex, and  the  topography  more  intricate ;  but  to  a  large  extent 
these  regions  are  uninhabited,  and  to  a  more  limited  extent 
uninhabitable.  It  would  therefore  not  be  wise  to  make  a  topo- 
graphic or  geologic  survey  of  the  country  on  an  excessively 
elaborate  plan.  Over  much  of  this  area  the  sheets  of  the  man 
will  also  be  constructed  on  a  scale  of  1-250000,  but  in  special 
districts  that  scale  will  be  increased  to  1-125000,  and  in  the 
case  of  important  mining  districts  charts  will  be  constructed 
on  a  much  larger  scale.  In  the  eastern  portion  of  the  United 
Stales  two  scales  are  adopted.  In  the  less  densely  populated 
country  a  scale  of  1-125000  is  used  ;  in  the  more  densely  pop- 
ulated regions  a  scale  of  1-62500  is  adopted,  or  about  one  mile 
to  thQ  inch.  But  throughout  the  country  a  few  special  districts 
of  great  importance,  because  of  complex  geologic  structure, 
dense  population,  or  other  condition,  will  require  charts  on 
still  larger  scales.  The  area  of  the  United  States,  exclusive  of 
Alaska,  is  about  three  million  square  miles,  and  a  map  of  the 
United  States,  constructed  on  the  plan  set  fourth  above,  will 
require  not  less  than  2600  sheets.  It  may  ultimately  prove  to 
require  more  than  that,  from  the  fact  that  the  areas  to  be  sur- 
veyed on  the  larger  scale  have  not  been  fully  determined. 
Besides  the  number  of  sheets  in  the  general  map  of  the  United 
States,  there  will  be  several  hundred  special  maps  on  large 
scales,  as  above  described. 
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Such  is  a  brief  outline  of  the  plan  so  far  as  it  has  been  devel- 
oped at  the  present  time.  In  this  connection  it  -should  be 
stated  that  the  map  of  the  United  States  can  be  completed, 
with  the  present  organization  of  the  Geological  Survey,  in 
about  24  years;  but  it  is  greatly  to  be  desired  that  the  time 
for  its  completion  may  be  materially  diminished  by  increasing 
the  topographic  force  of  the  Geological  Survey.  We  ought  to 
have  a  gooa  topographic  map  of  the  United  States  by  the  year 
1900.  About  one-fifth  of  the  whole  area  of  the  United  States, 
exclusive  of  Alaska,  has  been  completed  on  the  above  plan. 
This  includes  all  geographic  work  done  in  the  United  States 
under  the  auspices  of  the  General  Government  and  under 
the  auspices  of  State  governments.  The  map  herewith  shows 
those  areas  that  have  been  surveyed  by  various  organizations 
on  such  a  scale  and  in  such  a  manner  that  the  work  has 
been  accepted  as  suflScient  for  the  purposes  of  the  Survey. 

Much  other  work  has  been  done,  but  not  with  sufficient 
refinement  and  accuracy  to  be  of  present  value,  though  such 
work  subserved  its  purpose  in  its  time.  An  examination  of 
the  map  will  show  that  the  triangulation  of  the  various  organi- 
zations is  already  largely  in  advance  of  the  topography.  The 
map  of  the  United  States  will  be  a  great  atlas  divided  into 
sheets  as  above  indicated.  In  all  of  those  areas  where  the 
survey  is  on  a  scale  of  1-250000,  a  page  of  the  atlas  will  pre^ 
sent  an  area  of  one  degree  in  longituae  and  one  degree  in  lati- 
tude. Where  the  scale  is  1-125000,  a  page  of  the  atlas-sheet 
will  represent  one-fourth  of  a  degree.  Where  the  scale  is 
1-62500,  the  atlas-sheet  will  represent  one-sixteenth  of  a  degree. 
The  degree  sheet  will  be  designated  by  two  numbers — one  rep- 
resenting latitude,  the  other  longitude.  Where  the  sheets 
represent  fractional  degrees,  they  will  be  labeled  with  the  same 
numbers,  with  the  addition  of  the  description  of  the  proper 
fractional  part. 

The  organization,  as  at  present  established,  executing  this 
work,  is  as  follows  :  First,  An  astronomic  and  computing  divis- 
ion, the  oflicers  of  which  are  engaged  in  determining  the  geo- 
graphic coordinates  of  certain  primary  points.  Second,  A 
triangulation  corps  engaged  in  extending  a  system  of  triangu- 
lation over  various  portions  of  the  country  from  measured 
base-lines.  Third,  A  topo>;raphic corps,  organized  into  twenty- 
seven  parties,  scattered  over  various  portions  of  the  United 
States.  Such,  in  brief  outline,  is  the  plan  for  the  map  of  the 
United  States,  and  the  organization  by  which  it  is  to  be  made. 
Mr.  Henry  Gannett  is  the  Chief  Geographer. 
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Palbontoloot. 

Before  giving  the  outline  of  the  plan  for  the  general  geologic 
survey,  it  will  be  better  to  explain  the  accessory  plans  and 
organizations.  There  are  in  the  Survey,  as  at  present  organized, 
the  following  paleontologic  laboratories: 

1.  A  laboratory  of  vertebrate  paleontology  for  formations 
other  than  the  Quaternary.  In  connection  with  this  laboratory 
there  is  a  corps  of  paleontologists.  Professor  0.  C.  Marsh  is 
in  charge. 

2.  There  is  a  laboratory  of  invertebrate  paleontology  of 
Quaternary  age,  with  a  corps  of  paleontologists,  Mr.  Wm.  H. 
Dall,  being  in  charge. 

8.  There  is  a  laboratory  of  invertebrate  paleontology  of 
Cenozoic  and  Mesozoic  age,  with  a  corps  of  paleontologists. 
Dr.  C.  A.  White  is  in  charge. 

4.  There  is  a  laboratory  of  invertebrate  paleontology  of 
Paleozoic  age,  with  a  corps  of  paleontologists.  Mr.  C.  D. 
Walcott  is  in  charge. 

5.  There  is  a  laboratory  of  fossil  botany,  with  a  corps  of 
paleobotanists,  Mr.  Lester  F.  Ward  being  in  charge. 

The  paleontologists  and  paleobotanists  connected  with  the 
laboratories  above  described,  study  and  discuss  in  reports  the 
fossils  collected  by  the  general  geologists  in  the  field.  They 
also  supplement  the  work  of  the  field  geologists  by  making 
special  collections  in  important  districts  and  at  critical  hori- 
zons; but  the  paleontologists  are  not  held  responsible  for 
areal  and  structural  geology  on  the  one  hand,  and  the  geolo* 
gists  are  not  held  respongiole  for  paleontology  on  the  other 
band.  In  addition  to  the  large  number  of  paleontologists  on 
the  regular  work  of  the  Geological  Survey,  as  above  described, 
several  paleontologists  are  engaged  from  time  to  time  to  make 
special  studies. 

Chbmistry. 

There  is  a  chemic  laboratory  attached  to  the  Survey,  with 
a»  large  corps  of  chemists  engaged  in  a  great  variety  of  re- 
searches relating  to  the  constitution  of  waters,  minerals,  ores 
and  rock&  A  part  of  the  work  of  this  corps  is  to  study  the 
methods  of  metamorphism  and  the  paragenesis  of  minerals, 
and  in  this  connection  the  chemists  do  work  in  the  field;  but 
to  a  large  extent  they  are  occupied  with  the  study  of  the  mate- 
terials  collected  by  the  field  geologists.  Professor  F.  W. 
Clarke  is  in  charge  of  this  department. 
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Physical  Rbsbarchbs. 

There  is  a  physical  laboratory  in  the  Survey,  with  a  small 
corps  of  men  engaged  in  certain  physical  researches  of  prime 
importance  to  geologic  philosophy.  These  researches  are  ex- 
perimental, and  relate  to  the  effect  of  temperatures,  pressures, 
etc,  on  rocks.  This  laboratory  is  under  the  charge  of  the 
Chief  Chemist 

LiTHOLOOY. 

There  is  a  lithologic  laboratory  in  the  Survey,  with  a  large 
corps  of  lithologists  engaged  in  the  microscopic  study  of  rocks. 
These  lithologists  are  field  geologists,  who  examine  the  collec- 
tions made  by  themselves. 

Statistics. 

There  is  in  the  Survey  a  division  of  mining  statistics,  with  a 
larffe  corps  of  men  engaged  in  statistic  work,  the  results  of 
which  are  published  in  an  annual  report  entitled  "Mineral 
Resources."  Mr.  Albert  Williams,  Jr.,  is  the  Chief  Statistician 
of  the  Survey. 

Illustrations. 

There  is  in  the  Survey  a  division  organized  for  the  purpose 
of  preparing  illustrations  for  paleontologic  and  geologic  reports. 
Mr.  W.  H.  Holmes  is  in  charge  of  this  division.  Illustrations 
will  not  hereafter  be  used  for  embellishment,  but  will  be  strictly 
confined  to  the  illustration  of  the  text  and  the  presentation  of 
such  facts  as  can  be  best  exhibited  by  figures  and  diagrams. 
All  illustrations  will,  as  far  as  possible,  be  produced  by  relief 
methods,  such  as  wood-engraving,  photo-engraving,  etc.  As 
large  numbers  of  the  reports  of  the  Survey  are  published,  this 
plan  is  demanded  for  economic  reasons ;  but  there  is  another 
consideration  believed  to  be  of  still  greater  importance :  illus- 
trations made  on  stone  cannot  be  used  after  the  first  edition,  as 
they  deteriorate  somewhat  by  time,  and  it  is  customary  to  use 
the  same  lithographic  stone  for  various  purposes  from  time  to 
time.  The  illustrations  made  for  the  reports  of  the  Survey,  if 
on  relief-plates  that  can  be  cheaply  electrotyped,  can  be  used 
again  when  needed.  This  is  especially  desirable  in  paleon- 
tology, where  previously  published  figures  can  be  introduced 
for  comparative  purposes.  There  are  two  methods  of  studying 
the  extinct  life  of  the  globe.  Fossils  are  indices  of  geological 
formations,  and  must  be  grouped  by  formations  to  subserve 
the  purpose  of  geologists.  Fossils  also  have  their  biologic 
relations,  and  should  be  studied  and  arranged  in  biologic 
groups.     Under  the  plan  adopted  by  the  Survey,  the  illustra- 
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tions  can  be  used  over  and  over  again  for  such  purposes  when 
needed,  as  reproduction  can  be  made  at  the  small  cost  of 
ehctrotyping.  These  same  illustrations  can  be  used  by  the 
public  at  large  in  scientific  periodicals,  tex^books,  etc..  All 
the  illustrations  made  by  the  Geological  Survey  are  held  for 
the  public  to  be  used  in  this  manner. 

LiBRABY. 

The  library  of  the  Survey  now  contains  more  than  25,000 
volumes,  and  is  rapidly  growing  by  means  of  exchanges.  It 
is  found  necessary  to  purchase  but  few  books.  The  librarian, 
Mr.  (J.  C.  Darwin,  has  a  corps  of  assistants  engaged  in  biblio- 
graphic work.  It  is  proposed  to  prepare  a  catalogue  of  Ameri- 
can and  foreign  publications  upon  American  geology,  which  is 
to  be  a  general  authors'  catalogue.  In  addition  to  this,  it  is 
proposed  to  publish  bibliographies  proper  of  special  subjects 
constituting  integral  parts  of  the  science  of  geology. 

Publications. 

The  publications  of  the  Survey  are  in  three  series:  Annual 
Reports,  Bulletins  and  Monographs.  The  Annual  Report  con- 
stitutes a  part  of  the  Report  of  the  Secretary  of  the  Interior  for 
each  year,  but  is  a  distinct  volume.  This  contains  a  brief 
summary  of  the  purposes,  plans  and  operations  of  the  Survey, 
prepared  by  the  Director,  and  short  administrative  reports  from 
the  chiefs  of  divisions,  the  whole  followed  by  scientific  papers. 
These  papers  are  selected  as  being  those  of  most  general  interest, 
the  object  being  to  make  the  Annual  Report  a  somewhat  popular 
account  of  the  doings  of  the  Survey,  that  it  may  be  widely  read 
by  the  intelligent  people  of  the  country.  Of  this  5650  copies 
are  published  as  a  part  of  the  Secretary's  report,  and  are  dis- 
tributed by  the  Secretary  of  the  Interior,  Senators  and  Members 
of  the  House  of  Representatives;  and  an  extra  edition  is  annu- 
ally ordered  of  15,000  copies,  distributed  by  the  Survey  and 
members  of  the  Senate  and  House  of  Representatives.  Four 
Annual  Reports  have  been  published;  the  Fifth  is  now  in  the 
hands  of  the  printer. 

The  Bulletins  of  the  Survey  are  short  papers;  and  through 
them  somewhat  speedy  publication  is  attained.  Each  Bulletin 
is  devoted  to  some  specific  topic,  in  order  that  the  material  ulti- 
timately  published  m  the  Bulletins  can  be  classified  in  any 
manner  desired  by  scientific  men.  Nine  Bulletins  have  been 
published,  and  seven  are  in  press.  The  Bulletins  already  pub- 
lished vary  in  size  from  5  to  325  pages  each;  they  are  sold  at 
the  cost  of  press- work  and  paper,  and  vary  in  price  from  five 
to  twenty  cents  each.    4900  copies  of  each  Bulletin  are  pub- 
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lished;  1900  are  distributed  by  Congress,  3000  are  held  for 
sale  and  exchange  by  the  Geological  Sarvey. 

The  Monographs  of  the  Survey  are  quarto  volumes.  By 
this  method  of  publication  the  more  important  and  elaborate 
papers  are  given  to  the  public  Six  Monographs,  with  two 
atlases,  have  been  issued;  five  Monographs,  with  two  atlases, 
are  in  press.  1900  copies  of  each  Monograph  are  distributed  by 
Congress ;  3000  are  held  for  sale  and  exchange  by  the  Survey 
at  the  cost  of  press-work,  paper  and  binding.  They  vary  in 
price  from  $1.05  to  $11. 

The  chie&  of  divisions  supervise  the  publications  that  origin- 
ate in  their  several  corps.  The  general  editorial  supervision  is 
exercised  by  the  Chief  Clerk  of  the  Survey,  Mr.  James  C. 
Pilling. 

General  Geology. 

In  organizing  the  general  geologic  work,  it  became  neces- 
sary, first,  to  consider  what  had  already  been  done  in  various 
portions  of  the  United  States;  and  for  this  purpose  the  com- 
pilation of  a  general  geologic  map  of  the  United  States  was 
begun,  together  with  a  Thesaurus  of  American  formations. 
In  addition  to  this  the  bibliographic  work  previously  described 
was  initiated,  so  that  the  literature  relating  to  American  geol- 
ogy should  be  readily  accessible  to  the  workers  in  the  Survey. 
At  this  point  it  became  necessary  to  consider  the  best  methods 
of  apportioning  the  work ;  that  is,  the  best  methods  of  dividing 
the  geologic  work  into  parts  to  be  assigned  to  the  different 
corps  of  observers.  A  strictly  geographic  apportionment  was 
not  deemed  wise,  from  the  fact  that  an  unscientific  division  of 
labor  would  result,  and  the  same  classes  of  problems  would  to 
a  large  extent  be  relegated  to  the  several  corps  operating  in 
field  and  in  the  laboratory.  It  was  thought  best  to  divide  the 
work,  as  far  as  possible,  by  subject-matter  rather  than  by  terri- 
torial areas;  yet  to  some  extent  the  two  methods  of  division 
will  coincide.     There  are  in  the  survey  at  present: 

Firet,  a  division  of  glacial  geology,  ana  Prof.  T.  C.  Cham- 
berlin,  formerly  State  Geologist  of  Wisconsin,  is  at  its  head, 
with  a  strong  corps  of  assistants.  There  is  an  important  field 
for  which  definite  provision  has  not  yet  been  made,  namely, 
the  study  of  the  loess  that  constitutes  the  bluff  formations  of 
the  Mississippi  Biver  and  its  tributaries.  But  as  this  loess 
proves  to  be  intimately  associated  with  the  glacial  formations 
of  the  same  region,  it  is  probable  that  it  will  eventually  be  rele- 
gated to  the  glacial  division.  Perhaps  the  division  may  event- 
ually grow  to  such  an  extent  that  its  field  of  operations  will 
include  the  whole  Quaternary  geology. 
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Second,  a  division  of  volcanic  geology  is  organized  and  Oapt 
Clarence  E.  Button,  of  the  Ordnance  Corps  of  the  Army,  is 
placed  in  charge,  also  with  a  strong  corps  of  assistants. 

Third  and  fourth,  two  divisions  have  been  organized  to 
prosecute  work  on  the  Archaean  rocks,  embracing  within  their 
field  not  only  all  rocks  of  Archaean  age,  but  all  metamorphic 
crystalline  schists,  of  whatever  age  they  may  be  found.  The 
first  division  has  for  it;^  chief.  Prof.  Baphael  rumpellv,  assisted 
by  a  corps  of  geologists,  and  the  field  of  his  work  is  the  crystal- 
'  line  schists  of  the  Appalachian  region,  or  eastern  portion  of 
the  United  States,  extending  from  northern  New  England  to 
Georgia.  He  will  also  include  in  his  studies  certain  Paleozoic 
formations  which  are  immediately  connected  with  the  crystal- 
line schists  and  involved  in  their  orographic  structure. 

The  second  division  for  the  study  of  this  class  of  rocks  is  in 
charge  of  Prof.  Roland  D.  Irving,  with  a  corps  of  geologists, 
and  bis  field  of  operation  is  in  the  Lake  Superior  region.  It  is 
not  proposed  at  present  to  undertake  the  study  of  the  crystal- 
line schists  of  the  Bocky  Mountain  region. 

Fifth,  another  division  has  been  organized  for  the  study  of 
the  areal,  structural,  and  historical  geology  of  the  Appalach- 
ian region,  extending  from  the  Atlantic,  westward,  to  the  zone 
which  separates  the  mountain  region  from  the  great  valley  of 
the  Mississippi.  Mr.  G.  K.  Gilbert  has  charge  of  this  work, 
and  has  a  large  corps  of  assistants. 

Sixth,  it  seemed  desirable,  partly  for  scientific  reasons  and 
partly  for  administrative  reasons,  that  a  thorough  topographic 
and  geologic  survev  should  be  made  of  the  Yellowstone 
Park,  and  Mr.  Arnold  Hague  is  in  charge  of  the  work,  with  a 
corps  of  assistants.  When  it  is  completed,  his  field  will  be 
expanded  so  as  to  include  a  large  part  of  the  Rocky  Mountain 
region,  but  the  extent  of  the  field  is  not  yet  determined. 

It  will  thus  be  seen  that  the  general  geologic  work  relating 
to  those  areas  where  the  terranes  are  composed  of  fossiliferous 
formations  is  very  imperfectly  and  incompletely  organized. 
The  reason  for  this  is  twofold:  first,  the  work  cannot  be  per- 
formed very  successfully  until  the  maps  are  made;  second,  the 
Geological  Survey  is  necessarily  diverting  much  of  its  force  to 
the  construction  of  maps,  and  cannot  with  present  appropria- 
tions expand  the  geologic  corps  so  as  to  extend  systematic 
work  in  the  field  over  the  entire  country. 

Economic  Geology. 

Under  the  organic  law  of  the  Geological  Survey,  investiga- 
tions in  economic  geology  are  restricted  to  those  States  and 
Territories  in  which  there  are  public  lands;  the  extension  of 
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the  work  into  the  eastern  portion  of  the  United  States  included 
only  that  part  relating  to  general  geology.  Two  mining 
divisions  are  organized.  One,  in  charge  of  Mr.  George  F. 
Becker,  with  headquarters  at  San  Francisco,  California,  is  at 
the  present  time  engaged  in  the  study  of  the  quicksilver  dis- 
tricts of  California.  The  other,  under  charge  of  Mr.  S.  F. 
Emmons,  with  headquarters  at  Denver,  Colorado,  is  engaged  in 
studying  various  mining  districts  in  that  State,  including  silver, 
gold,  iron  and  coal  areas.  Each  division  has  a  corps  of  assist- 
ants. The  lignite  coals  of  the  upper  Missouri,  also,  are  under 
investigation  by  Mr.  Bailey  Willis,  with  a  corps  of  assistants. 

EMPLOTi». 

The  employes  on  the  Geological  Survey  at  the  close  of  Sep- 
tember, 1884,  were  as  follows : 

Appointed  by  the  President,  by  and  with  the  advice  and 
consent  of  the  Senate  (Director),  1. 

Appointed  by  the  Secretary  of  the  Interior,  on  the  recom- 
mendation of  the  Director  of  the  Survey,  134. 

Employed  by  the  chiefs  of  parties  in  the  field,  148. 

Appointments. 

Three  classes  of  appointments  are  made  on  the  Survey.  The 
statute  provides  that  "the  scientific  employ&of  the  Geological 
Survey  shall  be  selected  by  the  Director,  subject  to  the  appro- 
val of  the  Secretary  of  the  Interior,  exclusively  for  their  quali- 
fications as  professional  experts."  The  provisions  of  this 
statute  apply  to  all  those  cases  where  scientific  men  are 
employed  who  have  established  a  reputation,  slnd  in  asking  for 
their  appointment  the  Director  specifically  states  his  reasons, 
setting  forth  the  work  in  which  the  person  is  to  be  employed, 
together  with  his  qualifications,  especially  enumerating  and 
charactetrizing  his  published  works.  On  such  recommenda- 
tions appointments  are  invariably  made.  Young  men  who 
have  not  established  a  reputation  in  scientific  research,  are 
selected  through  the  agency  of  the  Civil  Service  Commission 
on  special  examination,  the  papers  for  which  are  prepared  in 
the  Geological  Survey.  About  one-half  of  the  emploj^fe,  how- 
ever, are  temporary,  being  engaged  for  services  lasting  for  a  few 
days  or  a  few  months  only,  largely  in  the  field,  and  coming 
under  two  classes :  skilled  laborers  and  common  laborers.  Such 

Sersons  are  employed  by  the  Director  or  by  the  heads   of 
ivisions,  and  are  discharged  from  the  service  when  no  longer 
needed.     It  will  be  seen  that  the  Director  is  responsible  for  the 
selection  of  the  employ^,  directly  for  those  whom  he  recom- 
mends for  appointment,  and  indirectly  for  those  selected  by  the 
Aic.  JoTTB.  Soi.— Thibd  Seuss,  Yol.  XXIX,  No.  170.— Feb.,  1886. 
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Civil  Service  CommissioD,  as  he  permanently  retains  in  the 
work.  If,  then,  improper  persons  are  employed,  it  is  wholly 
the  Director's  fault 

The  appropriations  made  for  the  Geological  Survey  for  the 
fiscal  year  ending  June  80,  1885,  aggregate  the  sum  of  1^04,040. 
This  sum  does  not  include  the  amount  appropriated  for  eth- 
nologic researches,  $40,000.  Nor  are  the  expenses  for  engrav- 
ing and  printing  paid  for  from  the  above  appropriations,  but 
from  appropriations  made  for  the  work  under  the  direction  of 
the  Public  Printer.  It  is  estimated  that  the  amount  needed 
for  engraving  and  printing  for  the  same  fiscal  year  will  exceed 
$200,000. 

The  Rblat[on  of  the  Govebnment  Sxtbvey  to  State  Subveys. 

The  United  Slates  Geological  Survey  is  on  friendly  relations 
with  the  various  State  Surveys.  Between  the  Government 
Survey  and  the  State  Survey  of  New  York,  there  is  direct 
cooperation.  The  State  Survey  of  Pennsylvania  has  rendered 
valuable  assistance  to  the  Government  Survey,  and  negotiations 
have  been  entered  into  for  closer  relations  and  more  thorough 
cooperation.  The  State  Surveys  of  North  Carolina,  Kentucky 
and  Alabama,  are  also  cooperating  with  the  Government  Survey, 
and  the  Director  of  the  Government  Survey  is  doing  all  within 
his  power  to  revive  State  Surveys.  The  field  for  geologic 
research  in  the  United  States  is  of  great  magnitude,  and  tne 
best  results  can  be  accomplished  only  by  the  labors  of  many 
scientific  men  engaged  for  a  long  terra  of  years.  For  this  reason 
it  is  believed  that  surveys  should  be  established  in  all  of  the 
States  and  Territories.  There  is  work  enough  for  all,  and  the 
establishment  of  local  surveys  would  greatly  assist  the  general 
work  prosecuted  under  the  auspices  of  the  Government,  and 
prevent  it  from  falling  into  perfunctory  channels.  Its  vigor 
and  health  will  doubtless  be  promoted  by  all  thorough  local 
research. 

It  may  be  of  interest  to  scientific  men  to  know  that  the 
Director  finds  that  in  presenting  the  general  results,  interests, 
and  needs  of  the  Survey  to  Congress,  and  to  Committees  of 
Congress,  a  thorough  appreciation  of  the  value  of  scientific 
research  is  shown  by  the  statesmen  of  the  country.  Questions 
relating  to  immediately  economic  values  are  asked,  as  they 
should  be;  but  questions  relating  to  sound  administration,  wise 
methods  of  investigation,  and  important  scientific  results  are 
vigorously  urged,  and  the  principle  is  recognized  that  all  sound- 
scientific  research  conduces  to  the  welfare  of  the  people,  not 
only  by  increasing  knowledge,  but  ultimately  by  afiecting  all  the 
industries  of  the  people.- 
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Abt.  XVIL — Memorial  of  Oeorge  Bentham;  by  AsA  Gkay. 

[From  the  Report  of  the  Council  of  the  American  Academy  of  Arts  and  Sdenoes, 
for  the  year  1884r-5.) 

Gbokge  Bentham,  one  of  the  most  distingaished  botanists 
of  the  present  century,  and  at  the  time  of  his  death  one  of  the 
oldest,  was  born  at  Stoke,  a  suburb  of  Portsmouth,  September 
22,  1800.  He  died  at  his  house,  No.  25  Wilton  Place,  London, 
on  the  10th  of  September,  1884,  a  few  days  short  of  84  years 
old.  His  paternal  grandfather,  Jeremiah  Bentham,  a  London 
attorney  or  solicitor,  had  two  sons,  who  both  became  men  of 
mark,  Jeremy  and  Samuel.  The  latter  and  younger  had  two 
sons,  only  one  of  whom,  the  subject  of  this  memoir,  lived 
to  manhood.  George  Bentham^s  mother  was  a  daughter  of  Dr. 
George  Fordyce,  a  Scottish  physician  who  settled  in  London, 
was  a  Fellow  of  the  Royal  Society,  a  lecturer  on  chemistry, 
and  the  author  of  some  able  medical  works,  also  of  a  treatise  upon 
Agriculture  and  Vegetation.  It  was  from  his  mother  that 
George  Bentham  early  imbibed  a  fondness  for  botany. 

The  early  part  of  his  life  and  education  was  somewhat 
eventful  and  peculiar,  and  in  strong  contrast  with  the  later. 
His  father,  General,  subsequently  Sir  Samuel  Bentham,  was 
an  adept  in  naval  architecture.  At  the  age  of  twenty-two  he 
visited  the  arsenals  of  the  Baltic  for  the  improvement  of  his 
knowledge ;  thence  he  traveled  far  into  Siberia.  He  became 
intimate  with  Prince  Potemkin,  by  whom  he  was  induced  to 
enter  the  civil  and  afterwards  the  military  service  of  the 
Empress  Catharine.  He  took  part  in  a  naval  action  against  the 
Turks  on  the  Black  Sea,  and  was  rewarded  with  the  command 
of  a  regiment  stationed  in  Siberia,  with  which  he  traversed  the 
country  even  to  the  frontiers  of  China.  After  ten  years  he 
returned  to  England,  where  his  inventive  skill  and  experience 
found  a  fitting  field  in  the  service  of  the  Admiralty,  in  which 
be  attained  the  post  of  Inspector-General  of  Naval  Works. 
Among  the  services  he  rendered  was  that  of  bringing  to  Eng- 
land the  distinguished  engineer,  Isambard  Mark  Brunei.  In 
the  year  1805,  Gen.  Bentham  was  sent  by  the  Admiralty 
to  Sl  Petersburg  to  superintend  the  building  in  Eussia  of 
vessels  for  the  British  Navy.  He  took  his  family  with  him; 
and  there  began  the  education  of  George  Bentham,  in  the  fifth 
year  of  his  age,  under  the  charge  of  a  Russian  lady  who  could 
speak  no  English,  where  he  learned  to  converse  fluently  in 
Russian,  French,  and  German,  besides  acquiring  the  rudiments 
of  Latin  as  taught  by  a  Russian  priest.  On  the  way  back  to 
England  two  or  three  years  later,  the  detention  of  a  month  or 
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two  in  Sweden  gave  opportunity  for  learning  enough  of  Swed- 
ish to  converse  in  that  language  and  to  read  it  with  tolerable 
ease  in  after  life.  Returning  to  England  the  family  settled  at 
Hampstead,  and  the  children  pursued  their  studies  under  pri- 
vate tutors.  In  the  years  1812-18,  during  the  excitement  pro- 
duced by  the  French  invasion  of  Russia  and  the  burning  of 
Moscow,  our  young  polyglot  "  budded  into  an  author,  by  trans- 
lating (along  with  nis  brother  and  sister)  and  contributing  to  a 
London  magazine  a  series  of  articles  from  the  Russian  news- 
papers, detailing  the  operations  of  the  armies."  In  1814,  upon 
the  downfall  of  Napoleon,  the  Bentham  family  crossed  over  to 
France,  prepared  for  a  long  stay,  remained  in  the  country  (at 
Tours,  Saumur,  and  Paris)  during  the  hundred  days  preced- 
ing Napoleon's  final  overthrow ;  and  in  1816  Sir  Samuel  Ben- 
tham set  out  upon  a  prolonged  and  singular  family  tour,  en 
caravaney  through  the  western  and  southern  departments  of 
France.  To  quote  from  the  published  account  from  which 
most  of  these  biographical  details  are  drawn,  and  which  were 
taken  from  Mr.  Bentham 's  own  memoranda:* 

"The  coriige  consisted  of  a  twohorse  coach  fitted  up  as  a 
sleeping  apartment;  a  long,  low,  two-wheeled,  one-horse  spring 
van  for  Gen.  and  Mrs.  Bentham,  furnished  with  a  library  and 
piano;  and  another,  also  furnished,  for  his  daughters  and  their 
governess.  The  plan  followed  was  to  travel  by  day  from  one 
place  of  interest  to  another,  bivouacking  at  night  by  the  road, 
or  in  the  garden  of  a  friend,  or  in  the  precincts  of  the  prefect- 
ures, to  wnich  latter  he  had  credentials  from  the  authorities  in 
the  capital.  In  this  way  he  visited  Orleans,  Tours,  Angou- 
16me,  Bordeaux,  Toulouse,  Montpellier,  and  finally  Montauban, 
where  a  lengthened  stay  was  maae  in  a  country  house  hired  for 
the  purpose.  From  Montauban  (the  cortSge  having  broken 
down  in  some  way)  they  proceeded  still  by  private  convey- 
ances to  Carcassone,  Narbonnes,  Ntmes,  Tarascon,  Marseilles, 
Toulon,  Hy^res." 

It  was  in  the  early  part  of  this  tour  that  young  Bentham's 
attention  was  first  turned  to  botany.  Happening  to  take  up 
DeCandolle's  edition  of  Lamarck's  Flore  Fran^ise^  which  his 
mother,  who  was  fond  of  the  subject,  had  just  purchased,  he 
was  struck  with  the  methodical  analytical  tables,  and  he  pro- 
ceeded immediately  to  apply  them  to  the  first  plant  he  could 
lay  hold  of.  "His  success  led  him  to  pursue  the  diversion 
of  naming  every  plant  he  met  with."  During  his  long  stay  at 
Montauban  he  entered  as  a  student  in  the  Protestant  theolog- 
ical school  of  that  town,  pursuing,  "  with  ardor  the  courses  of 
mathematics,  Hebrew,  and  comparative  philology,  the  latter  a 
favorite  study  in  after  life,"  and  at  home  giving  himself  to 
*  Ad  article  in  Nature,  October  2,  1884,  by  Sir  Joseph  Dawson  Hooker. 
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music,  in  which  he  was  remarkably  gifted,  to  Spanish,  to 
botany,  and,  with  great  relish,  to  society.  Soon  after,  the  family 
was  established  upon  a  property  of  2,000  acres,  purchased  by 
his  father  in  the  vicinity  of  Montpellier.  Here  he  resumed 
the  intimacy  of  his  boyhood  with  John  Stuart  Mill,  who  was 
five  years  his  junior,  and  whose  life-long  taste  for  botany  was 
probably  fixed  during  this  residence  of  seven  or  eight  months 
in  the  Bentham  family  in  the  year  1820.  About  this  time  Ben- 
tham  occupied  himself  with  ornithology  and  then  with  entomol- 
ogy, finding  time,  however,  for  another  line  of  study ;  for  at 
the  age  of  twenty  he  had  begun  a  translation  into  French  of 
his  uncle  Jeremy^s  Chrestomathia,  which  was  published  in  Paris 
some  years  afterwards,  and  he  soon  after  translated  also  the 
essay  on  Nomenclature  and  Classification.  This  was  followed 
by  his  own  Essai  sur  la  Nomenclature  et  Classification,  published 
in  Paria  This,  his  original  scientific  production,  was  one  of 
some  mark,  for  it  is  praised  by  Stanley- Jevons  in  his  recent 
History  of  the  Sciences. 

On  attaining  his  majority,  his  elder  and  only  brother  having 
died,  he  was  placed  in  management  of  his  father's  Provengal 
estate,  an  employment  which  he  took  up  with  alacrity  and 
prosecuted  with  success,  turning  to  practical  account  his  me- 
thodical habits,  his  indomitable  industry,  and  his  familiarity 
with  Proven9al  country  life  and  language.  The  latter  he 
spoke  like  a  native.  A  language  always  seemed  to  come 
to  him  without  effort.  Meanwhile  his  leisure  hours  were 
g^ven  to  philosophical  studies,  his  holidays  to  botanical  excur- 
sions into  the  Cevennes  and  the  Pyrenees.  In  the  year  1823, 
a  visit  to  England  upon  business  relating  to  his  father's  French 
estate,  where  it  seemed  probable  that  he  was  to  spend  his  life, 
was  followed  by  circumstances  which  gave  him  back  to  his 
native  country.  He  brought  to  his  uncle  Jeremy  a  French 
translation  of  the  latter*s  Chrestomathia ;  he  made  the  acquaint- 
ance of  Sir  James  Edward  Smith,  Robert  Brown,  Lambert, 
Don,  and  the  other  English  botanists  of  the  day ;  visited  Sir 
William,  then  Professor  Hooker,  at  Glasgow,  and  Walker  Arnott 
in  Edinburgh ;  took  the  latter  with  him  the  next  summer  to 
France,  where  the  two  botanists  herborized  together  in  Langue- 
doc  and  the  Pyrenees;  and,  returning  to  London,  he  accepted 
his  uncle's  pressing  invitation  to  remain  and  devote  a  portion  of 
his  time  to  the  preparation  of  the  latter's  manuscripts  for  the 

Jiress,  at  the  same  time  pursuing  legal  studies  at  Lincoln's 
nn.  He  was  in  due  time  called  to  the  bar,  and  in  1832  he 
held  his  first  and  last  brief.  In  that  year  Jeremy  Bentham 
died,  bequeathing  most  of  his  property  to  his  nephew.  This 
was  much  less  than  was  expected,  owing  to  bad  management 
on  his  uncle's  part  and  to  the  extravagant  sums  spent  by  his 
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executors  in  the  publication  of  the  philosopher's  posthumous 
works.  But  it  sufficed,  in  connection  with  the  paternal  inherit- 
ance, which  fell  to  him  the  year  previous,  for  the  modest  inde- 
pendence which  allowed  of  undistracted  devotion  to  his  favorite 
studies.  These  were  for  a  time  divided  between  botany,  juris- 
prudence, and  logic,  not  to  speak  of  editorial  work  upon  his 
father's  papers  relating  to  the  management  of  the  navy  and  the 
administration  of  the  national  dock  yards. 

The  first  publication  was  botanical,  and  was  published  in 
Paris,  in  the  year  1826,  his  Catalogue  des  Plantes  Indighies 
dcB  Pyrfnies  ei  du  Bas  Languedoc.  To  this  is  prefixed  an 
interesting  narrative  of  a  botanical  tour  in  the  Pyrenees,  and 
some  remarks  upon  the  mode  of  preparing  such  catalogues  in 
order  to  their  greatest  utility, — remarks  which  already  evince  the 
wisdom  for  which  he  was  distinguished  in  after  years.  He  also 
reformed  and  re-elaborated  four  difficult  genera  of  the  district, 
Cerastium,  Orobanche,  Helianthemum,  and  Medicago.  The 
next,  perhaps,  was  an  article  upon  codification — wholly  dis- 
agreeing with  his  uncle — which  attracted  the  attention  of 
Brougham,  Hume  and  O'Connell;  also  one  upon  the  laws 
affecting  larceny,  which  Sir  Robert  Peel  complimented  and 
made  use  of,  and  another  on  the  law  of  real  property. 

But  his  most  considerable  work  of  the  period  received  scant 
attention  at  the  time  from  those  most  interested  in  the  subject, 
and  passed  from  its  birth  into  oblivion,  from  which  only  in 
these  later  years  has  it  been  rescued,  yet  without  word  or  sign 
from  its  author.  This  work  (of  287  octavo  pages)  was  pub- 
lished in  London  in  1827,  under  the  title  of  ^'Outline  of  a  Iftw 
System  of  Logic,  with  a  critical  examination  of  Dr.  Whately^s 
Memenie  of  Logics  It  was  in  this  book  that  the  quantifica- 
tion of  the  predicate  was  first  systematically  applied,  in  such 
wise  that  Stanley-Jevons*  declares  it  to  be  "  undoubtedly  the 
most  fruitful  discovery  made  in  abstract  logical  science  since 
the  time  of  Aristotle."  Before  sixty  copies  of  the  book  had 
been  sold,  the  publisher  became  bankrupt,  and  the  whole 
impression  of  this  work  of  a  young  and  unknown  author  was 
sold  for  waste  paper.  One  of  the  extant  copies,  however,  came 
into  the  hands  of  the  distinguished  philosopher,  Sir  William 
Hamilton,  to  whom  the  discovery  of  the  quantification  of  the 
predicate  was  credited,  and  who,  in  claiming  it,  brought  "  an 
acrimonious  charge  of  plagiarism"  against  Professor  De  Morgan 
upon  this  very  subject  Yet  this  very  book  of  Mr.  Bentham 
is  one  of  the  ten  placed  by  title  at  the  head  of  Sir  Wm.  Ham- 
ilton's article  on  logic  in  the  Edinburgh  Review  for  April,  1833,  is 
once  or  twice  referred  to  in  the  article,  and,  a  dozen  years  later, 
in  the  course  of  the  controversy  with  De  Morgan,  Sir  William 
*  In  Contemporary  Reriew,  xzi,  1873,  p.  823. 
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alladed  to  this  article  as  containing  the  germs  of  his  discovery. 
We  may  imagine  the  aridity  with  which  De  Morgan,  injuri- 
ously attacked,  would  have  seized  upon  Mr.  Bentham's  book  if 
he  had  known  of  it.  It  is  not  so  easy  to  understand  how  Mr. 
Bentham— although  now  absorbed  in  botanical  researches — 
could  have  overlooked  this  controversy  in  the  Athenaeum,  or 
how,  if  he  knew  of  it,  he  could  have  kept  silence.  It  was  only 
at  the  close  of  the  year  1850,  that  Mr.  Warlow  sent  from  the 
coast  of  Wales  a  letter  to  the  Athenaeum,  in  which  he  refers  to 
Bentham's  book  as  one  which  had  long  before  anticipated  this 
interesting  discovery.  Although  Hamilton  himself  never 
offered  explanation  of  his  now  unpleasant  position  (for  the 
note  obliquely  referring  to  the  matter  in  the  second  edition  of 
his  Discussions  is  not  an  explanation),  Mr.  Baine  did  (in  the 
Athenaeum  for  Feb.  1,  1851)  immediately  endeavor  to  discredit 
the  importance  of  Bentham's  work,  and  again  in  1873  (Con- 
temporary Beview,  xxi),  in  reply  to  Herbert.  Spencer's  recla- 
mation of  Bentham's  discovery.  To  this  Stanley-Jevons  made 
reply  in  the  same  volume  (pp.  821-824) ;  and  later,  in  his  Prin- 
ciples of  Science  (ii.  387),  this  competent  and  impartial  judge, 
in  speaking  of  the  connection  of  Bentham's  work  *^  with  the 
great  discovery  of  the  quantification  of  the  predicate,"  adds  : 

"I  must  continue  to  hold  that  the  principle  of  quantification 
is  explicitly  stated  by  Mr.  Bentham ;  and  it  must  be  regarded 
as  a  remarkable  fact  in  the  history  of  logic,  that  Hamilton, 
while  vindicating  in  1847,  his  own  claims  to  originality  and 
priority  as  against  the  scheme  of  De  Morgan,  should  have 
overlooked  the  much  earlier  and  more  closely  related  discov- 
eries of  Bentham."  ^ 

It  must  be  that  Hamilton  reviewed  Bentham's  book  without 
reading  it  through,  or  that  its  ideas  did  not  at  the  time  leave 
any  conscious  impression  upon  the  reviewer's  mind,  yet  may 
have  fructified  afterwards. 

After  his  uncle's  death  in  1822,  Mr.  Bentham  gave  his  undi- 
vided attention  to  Botany.  He  became  a  Fellow  of  the  Lin- 
nean  society  in  1828.  Robert  Brown  soon  after  presented  his 
name  to  the  Eoyal  Society,  but  withdrew  it  before  the  election, 
to  mark  the  dissatisfaction  on  the  part  of  scientific  men 
with  the  management  of  the  society  when  a  Boyal  Duke  was 
made  president.  Consequently  he  did  not  become  F.  B.  S. 
until  1862.  In  1829,  when  the  Koyal  Horticultural  Society 
was  much  embarrassed,  he  accepted  the  position  of  Honorary 
Secretary,  with  his  friend  Lindley  as  associate.  Under  their 
management  it  was  soon  extricated  from  its  perilous  condition, 
attained  its  highest  prosperity  and  renown,  and  did  its  best 
work  for  horticulture  and  botany.  In  1833  he  married  the 
daughter  of   Sir  Harford  Brydges,  for    many   years  British 
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Ambassador  in  Persia,  and  the  next  year  he  took  up  his  resi- 
dence in  the  house  in  Queen  Square  Place,  Westminster,  inher- 
ited from  his  uncle,  in  which  Jeremy  Bentham  and  his  own 
paternal  grandfather  had  dwelt  for  almost  a  century.  The 
nouse  no  longer  exists,  but  upon  its  site  stands  the  western  wing 
of  the  "Queen  Anne  Mansions/'  The  summer  of  1836  was 
passed  in  Germany,  at  points  of  botanical  interest  and 
wherever  the  principal  herbaria  are  preserved,  the  whole 
winter  in  Vienna.  Some  account  of  this  tour  and  interesting 
memoranda  of  the  botanists,  gardens,  and  herbaria  visited, 
communicated  in  familiar  letters  to  Sir  William  Hooker,  were 
printed  at  the  time  (without  the  author's  name)  in  the  second 
volume  of  the  Companion  to  the  Botanical  Magazine.  Similar 
visits  for  botanical  investigation,  mingled  with  recreation,  were 
made  almost  every  summer  to  various  parts  of  the  continent ; 
in  one  of  them  he  revisited  the  scenes  of  his  early  boyhood  in 
Russia,  traveled  with  Mrs.  Bentham  to  the  fair  at  Nischnii- 
Novgorod,  and  thence  to  Odessa,  by  the  rude  litter-like  convey- 
ances of  the  country. 

In  1842  he  removed  with  his  herbarium  to  Pontrilas  House 
in  Herefordshire,  an  Elizabethan  mansion  belonging  to  his 
brother-in-law,  and  combined  there  the  life  of  a  country  squire 
with  that  of  a  diligent  ptudent,  until  1854,  when,  returning  to 
London,  he  presented  his  herbarium  and  botanical  library  to 
the  Royal  Gardens  at  Kew,  where  they  were  added  to  the 
still  larger  collections  of  Sir  William  Hooker.  After  a  short 
interval  Mr.  Bentham  took  up  his  residence  at  No.  25  Wilton 
Place,  between  Belgrave  Square  and  Hyde  Park,  which  was 
his  home  for  the'  rest  of  his  life.  Thence,  autumn  holidavs 
excepted,  with  perfect  regularity  for  five  days  in  the  week  he 
resorted  to  Kew,  pursued  his  botanical  investigations  from  ten 
to  four  o'clock,  then,  returning,  he  wrote  out  the  notes  of  his 
day's  work  before  dinner,  hardly  ever  breaking  his  fast  in  the 
long  interval.  With  such  methodical  habits,  with  freedom 
from  professional  or  administrative  functions  which  consume 
the  precious  time  of  most  botanists,  with  steady  devotion  to  his 
chosen  work,  and  with  nearly  all  authentic  materials  and  needful 
appliances  at  hand  or  within  reach,  it  is  not  surprising  that  he 
should  have  undertaken  and  have  so  well  accomplished  such  a 
vast  amount  of  work :  and  he  has  the  crowning  merit  and  happy 
fortune  of  having  completed  all  that  he  undertook. 

Nor  did  he  decline  duties  of  administration  and  counsel 
which  could  rightly  be  asked  of  him.  The  Presidency  of  the 
Linnean  Society,  which  he  accepted  and  held  for  eleven  years 
(1863  to  1874),  was  no  sinecure  to  him  ;  for  he  is  said  to  have 
taken  on  no  small  part  of  the  work  of  Secretary,  Treasurer,  and 
Botanical  Editor.     Somewhat  to  the  surprise  of  his  younger 
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associates,  who  knew  him  only  as  the  recluse  student,  he  made 
proof  in  age  of  the  fine  talent  for  business  and  the  conduct  of 
affairs  which  had  distinguished  his  prime  in  the  management 
of  the  Horticultural  Society;  and  in  his  annual  presidential 
addresses,  which  form  a  volume  of  permanent  value,  his  discus- 
sions of  general  as  well  as  of  particular  scientific  questions  and 
interests  bring  out  prominently  the  breadth  and  fulness  of 
his  knowledge  and  the  soundness  of  his  judgment. 

The  years  which  followed  his  retirement  from  the  chair  of 
the  Linnean  Society,  at  the  age  of  seventy -three,  were  no  less 
laborious  or  less  productive  than  those  preceding ;  at  the  age  of 
eighty  (as  the  writer  can  testify)  the  diminution  of  bodily 
strength  had  wrought  no  obvious  abatement  of  mental  power 
and  not  much  of  facility ;  and  he  was  able  to  finish  in  the 
spring  of  1888  the  great  work  upon  which  he  was  engaged. 
As  was  natural  his  corporeal  strength  gave  way  when  his  work 
was  done.  After  a  year  and  a  half  of  increasing  debility  he 
died  simply  of  old  age — the  survivor  of  his  wife  for  three  or 
four  years,  the  last  of  the  Benthams,  for  he  had  no  children, 
nor  any  collateral  descendants  of  the  nama 

A  large  part  of  his  modest  fortune  was  bequeathed  to  the 
Linnean  Society,  to  the  Royal  Society,  for  its  scientific  relief 
fund,  and  in  other  trusts  for  the  promotion  of  the  science  to 
which  his  long  life  was  so  perseveringly  devoted. 

The  record  of  no  small  and  no  unimportant  part  of  a 
naturalist's  work  is  to  be  found  in  scattered  papers,  and  those 
of  George  Bentham  are  quite  too  numerous  for  individual  men- 
tion. The  series  begins  with  an  article  upon  Lahiatoe,  published 
in  the  Linnsea  in  1881 ;  it  closes  with  one  in  the  Journal  of  the 
Linnean  Society,  read  April  19, 1883,  indicating  the  parts  taken 
by  the  two  authors  in  the  elaboration  of  the  Genera  Plantarum, 
then  completed.  Counting  from  the  date  of  the  Catalogue  of 
Pyrenean  plants,  1826,  there  are  fifty -seven  years  of  authorship. 
His  first  substantial  volume  in  botany  was  the  Labiatarum 
Genera  el  Species^  or  a  description  of  the  genera  and  species  of 
plants  of  the  orAev  Lahiatce  with  their  general  history,  characters, 
affinities,  and  geographical  distribution,  an  octavo  of  almost 
800  pages,  of  which  the  first  part  was  published  in  1832,  the 
last  in  1836.  He  found  even  the  European  part  of  this  large 
order  in  much  confusion  ;  his  monograph  left  its  seventeen 
hundred  and  more  of  species  so  well  arranged  (under  107  genera 
and  in  tribes  of  his  own  creation),  that  there  was  little  to  alter, 
except  as  to  the  rank  of  certain  groups,  when  he  revised  them 
for  the  Prodromus  in  1848,  and  finally  revised  the  genera  (now 
increased  to  136,  and  with  estimated  species  almost  doubled) 
for  the  Genera  Plantarum  in  1876.  Although  the  work  of  a 
beginner,  it  took  rank  as  the  best  extant  monograph  of  its  kind, 
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viz :  one  of  a  large  natural  order,  without  plates.  In  it  Mr. 
Bentham  first  set  the  example,  in  any  large  way,  of  consulting 
all  the  available  herbaria  for  the  inspection  and  determination 
of  type-specimens.  To  this  end  he  made  journeys  to  the  conti* 
nent  every  year  from  1830  to  1834,  visiting  nearly  all  the  public 
and  larger  private  herbaria. 

In  the  years  during  which  the  monograph  of  Lahiaim  was  in 
progress,  Mr.  Bentham  elaborated  and  published  the  earlier  of 
the  papers  which  have  particularly  connected  his  name  with 
North  American  Botany.  These  are,  first,  the  reports  on  some 
of  the  new  ornamental  plants  raised  in  the  Horticultural 
Society's  Garden  from  seeds  collected  in  Western  North  America 
by  Douglas,  under  the  auspices  of  that  society,  by  which  were 
first  made  known  to  botanists  and  florists  so  many  of  the 
characteristic  genera  and  species  of  Oregon  and  California,  now 
familiar  in  gardens,  Gilias  and  Nemophilas,  Lininanthes, 
Phacelias,  Brodiseas,  Calochorti,  Eschscholtzias,  Collinsias,  and 
the  like ;  then  the  monograph  of  Hydrophyllece  (1884),  followed 
the  next  year  by  that  on  Hosackia^  and  that  on  the  Eriogonec^ — 
all  American  and  chiefly  North  American  plants, — the  first 
fruits  of  a  great  harvest  which  even  now  has  not  wholly  been 
gathered  in,  the  field  is  so  vast,  though  the  laborers  have  not 
been  few.  Later  the  PlanUB  HartweglanoR^  an  octavo  volume 
begun  in  1839,  but  finished  in  1857  with  the  Oaliiornian  collec- 
tions ;  and  in  1844,  the  Botany  of  the  Voyage  of  the  Sulphur, 
in  quarto,  the  first  part  of  which  relates  to  Oaliiornian  botany. 
The  various  papers  upon  South  American  Botany  are  even  . 
more  numerous ;  one  of  them  being  that  in  which  Heliamphora, 
of  British  Guiana,  a  new  genus  of  Pitcher  Plants,  of  the  Sar- 
racenia  family,  was  established. 

Bentham's  labors  upon  the  great  order  Legummosoe  began 
early,  with  his  Gommeniationea  de  Leguminosarum  Oeneribus, 
published  in  the  Annals  of  the  Vienna  Museum,  being  the  work 
of  a  winter's  holiday  (1836-7)  passed  in  that  capital,  in  the  her- 
barium then  directed  by  Endlicher.  This  was  followed  by  a 
series  of  papers,  mostly  monographs  of  genera,  in  Hooker's 
Journal  of  Botany,  in  the  Journal  of  the  Linnean  Society,  and 
elsewhere,  by  the  elaboration  of  the  order  for  the  imperial 
Flora  Brasiliensis,  and  later,  by  the  Revision  of  the  Genus 
Cassia  and  that  of  the  Suborder  Mimoseas,  in  the  Transactions 
of  the  Linnean  Society,  the  latter  (a  quarto  volume  in  size) 
published  as  late  as  the  year  1875.  Both  are  perfect  models  of 
monographical  work. 

An  important  series  of  monographs  in  another  and  more  con- 
densed form  was  contributed  to  DeOandoUe's  Prodromus, 
namely,  the  Tribe  Ericece  in  the  seventh  volume,  the  Polemonu 
acea  in  the  ninth,  the  ScrophtUaria^xoe  in  the  tenth,  the  Labiaia 
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forming  the  greater  part  of  the  twelfth,  and  the  EriogoneoR  in 
the  fourteenth ;  these  together  filling  1183  pages  according  to 
the  surviving  editor.  If  not  quite  the  largest  collaborator  of 
the  DeCandolles,  as  counted  in  pages,  he  was  so  in  the  number 
of  plants  described,  and  his  work  was  of  the  best.  It  was  also 
ready  in  time,  which  is.  more  than  can  be  said  of  the  collabora- 
tors in  general. 

There  are  few  parts  of  the  world  upon  the  botany  of  which 
Mr.  Bentham  has  not  touched — Tropical  America,  in  the  ample 
collections  of  Mr.  Spruce,  and  those  of  Hartweg,  distributed, 
and  the  former  partly  and  the  latt^  wholly  determined  by  him, 
as  also  Hinds'  collections  made  in  the  vt)yage  of  the  Sulphur, 
besides  what  has  already  been  adverted  to;  Polynesia,  from 
Hinds*  and  Barclay  s  collections ;  Western  Tropical  Africa,  in 
the  Niger  Flora,  most  of  the  FUyra  Nigritiana  being  from  his 
hand ;  the  Flora  Hongkongensis,  in  which  he  began  the  series 
of  British  Colonial  floras,  and  finally  that  vast  work,  the 
Flora  Atistraliensi8y  in  seven  volumes,  which  the  author  began 
when  he  was  over  sixty  years  old  and  finished  when  he  was 
seventy -seven.  Nor  did  he  neglect  the  cultivation  of  the 
narrow  and  more  exhausted  field  of  British  Botany.  His 
Handbook  of  the  British,  Fhra^  for  the  use  of  beginners  and 
amateurs,  published  in  1858,  has  gone  through  four  large 
editions.  Its  special  object  was  to  enable  a  beginner  or  a  mere 
amateur,  with  little  or  no  previous  scientific  knowledge  and 
without  assistance,  to  work  out  understandingly  the  characters 
by  which  the  plants  of  a  limited  flora  may  be  distinguished 
from  each  other,  these  being  expressed  as  much  as  possible  in 
ordinary  language,  or  in  such  technical  terms  as  could  be  fully 
explained  in  the  book  itself  and  easily  apprehended  by  the 
learner.  The  immediate  and  continued  popularity  of  this 
bandy  volume,  bringing  the  light  of  full  knowledge  and  sound 
method  to  guide  the  beginner  s  way,  iUustrates  the  advantage 
of  having  elementary  works  prepared  by  a  master  of  the  sub- 
ject, whenever  the  master  will  take  the  necessary  pains.  To 
the  same  end,  the  author  prepared  for  this  volume  an  excellent 
and  terse  introduction  to  structural  and  descriptive  botany, 
which  has  been  prefixed  to  all  the  Colonial  Floras.  In  the 
first  edition  to  this  British  Flora  it  was  attempted  to  use  or  to 
give  English  names  to  the  genera  and  species  throughout. 
This  could  be  done  only  in  such  a  familiar  and  well-trodden 
field  as  Britain,  where  almost  every  plant  was  familiar;  but 
even  here  it  failed,  and  in  later  editions  the  popular  names 
were  relegated  to  a  subordinate  position. 

It  has  been' stated  that  Mr  Bentham  was  over  sixty  years 
old  when  he  undertook  the  Flora  Australiensis,  and  he  was 
seventy-seven  when  he  brought  this  vast  work  to  completion, 
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assisted  only  in  notes  and  preliminary  studies  by  Baron  von 
Mueller  of  Melbourne.  About  the  same  time  he  courageously 
undertook  the  still  greater  task  of  a  new  Genera  Planiarum^  to 
be  worked  out,  not,  like  that  of  Endlicher,  mainly  by  the 
compilation  of  published  characters  into  a  common  formula, 
but  by  an  actual  examination  of  the  extant  materials,  primarily 
those  of  the  Kew  herbaria,-  this  work,  however,  in  conjunc- 
tion with  his  intimate  associate.  Sir  Joseph  Hooker.  This  work 
is  the  only  *' joint  production  '*  in  which  Mr.  Bentham  ever 
engaged.  The  relations  and  position  of  the  two  authors  made 
the  association  every  way  sjitisfactory,  and  the  magnitude  of  the 
task  made  it  necessary.  The  training  and  the  experience  of 
the  two  associates  were  very  different  and  in  some  ways  comple- 
mental,  one  having  the  greatest  herbarium  knowledge  of  any 
living  botanist,  the  other,  the  widest  and  keenest  observer 
of  vegetable  life  under  "  whatever  climes  the  sun's  bright  circle 
warms,"  as  well  as  of  Antarctic  regions  which  it  warms  very 
little.  It  would  be  expected,  on  the  principle  "juniores  ad 
labores,"  that  the  laboring  oar  would  be  taken  by  the  younger 
of  the  pair.  It  was  long  and  severe  work  for  Both ;  but  the 
veteran  was  happily  quite  free  from,  and  his  companion 
heavily  weighted  by,  onerous  official  duties  and  cares:  and 
so  it  came  to  pass  that  about  two-thirds  of  the  orders  and 
genera  were  elaborated  by  Mr.  Bentham.  In  April,  1888,  the 
completion  of  the  work  (i.  e.,  of  the  genera  of  Phaenogamous 
plants,  to  which  it  was  limited)  closed  this  long  and  exemplary 
botanical  career;  and  the  short  account  which  he  gave  to  the 
Linnean  Society  on  the  nineteenth  of  that  month,  specifying 
the  conduct  of  the  work  and  the  part  of  the  respective  authors, 
was  his  last  publication. 

In  this  connexion,  mention  should  also  be  made  of  the 
essays  (which  he  simply  calls  "Notes")  upon  some  of  the 
more  important  orders  which  he  investigated  for  the  Genera 
Plantarum, — the  Compositse,  the  Campanulaceous  and  the 
Oleaceous  orders,  the  Monocotyledonese  as  to  classification,  the 
Euphorbiaceae,  the  Orchis  family,  the  Cyperaceae  and  the 
GrarninesB.  These  are  not  mere  abstracts,  issued  in  advance, 
but  critical  dissertations,  with  occasional  discussions  of  some 
general  or  particular  question  of  terminology  or  morphology. 
When  collected  they  form  a  stout  volume,  which,  along 
with  the  volume  made  up  of  his  anniversary  addresses 
when  president  of  the  Linnean  Society,  and  the  paper  on  the 
progress  and  state  of  systematic  botany,  read  to  the  British 
Association  for  the  Advancement  of  Science  in  1874,  should 
be  much  considered  by  those  who  would  form  a  just  idea  of 
the  largeness  of  Mr.  Bentham's  knowledge  and  the  character 
of  his  work. 
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It  will  have  been  seen  that  Mr.  Bentham  confined  himself  to 
the  Phsenogamia,  to  morphological,  taxonomical  and  descrip- 
tive work,  not  paying  attention  to  the  Cryptogamia  below  the 
Ferns,  nor  to  vegetable  anatomy,  physiology,  or  palaeontology. 
He  'WHS  what  will  now.  be  called  a  botanist  of  the  old  school. 
Up  to  middle  age  and  beyond  he  used  rather  to  regard  himself 
as  an  amateur,  pursuing  botany  as  an  intellectual  exercise. 
"There  are  diversities  of  gifis;"  perhaps  no  professional  natu- 
ralist ever  made  more  of  his,  certainly  no  one  ever  labored 
more  diligently,  nor  indeed  more  successfully  over  so  wide  a 
field,  within  these  chosen  lines.     For  extent  and   variety  of 

f;ood  work  accomplished,  for  an  intuitive  sense  of  method,  for 
ucidity  and  accuracy,  and  for  insight,  George  Bentham  may 
fairly  be  compared  with  Linnseus,  DeCandolle,  and  Robert 
Brown. 

His  long  life  was  a  perfect  and  precious  example,  much 
needed  in  this  age,  of  persevering  and  thorough  devotion  to 
Science  while  unconstrained  as  well  as  untrammeled  by  pro- 
fessional duty  or  necessity.  For  those  endowed  with  leisure, 
to  ** live  laborious  days"  in  her  service,  it  is  not  a  common 
achievement. 

The  tribute  which  the  American  Academy  of  Sciences  pays 
to  the  memory  of  a  deceased  Foreign  Honorary  Member  might 
here  fittingly  conclude.^  But  one  who  knew  him  lon^  and 
well  may  h^  allowed  to  add  a  word  upon  the  personal  charac- 
teristics of  the  subject  of  this  memorial;  the  more  so  that  he 
is  himself  greatly  indebted  for  generous  help.  For,  long  ago, 
when  in  special  need  of  botanical  assistance,  Mr.  Bentham  in* 
vited  him  and  his  companion  to  his  house  at  Pontrilas,  and 
devoted  the  greater  part  of  his  time  for  two  months  to  this 
service.  Mr.  Bentham's  great  reserve  and  dryness  in  general 
intercourse  and  his  avoidance  of  publicity  might  give  the 
impression  of  an  unsympathetic  nature.  But  he  was  indeed 
most  amiable,  warm-hearted,  and  even  genial,  "  the  kindest  of 
helpmates,"  the  most  disinterested  of  friend& 
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Art.  XVIII.— Pafcontofo^ic  Notes;  by  Charles  D.  Walcott, 
of  the  U.  S.  Geological  Survey. 

In  reviewing  the  material  from  the  St.  John  Group  of  li"ew 
Brunswick,  contained  in  the  Hartt  collection  at  Cornell  Uni- 
versity, the  following  species  were  found  : 

JSocf/stites  primoBVua  Billings. 

Lingulaf  2>a«o«oni  Matthew. 

Acrothele  Matthewi  Hartt,  sp. 

Linnars907iia  transversa  Hartt,  sp. 

OboleUaf^  sp.  nndet. 

Orthis  JBiUingsi  Hartt. 

OrthiSy  sp.  ?. 

Stendtheca  Acadica  Hartt,  sp. 

Harttia  Matthewi  Walcott,  n.  gen.,  n.  sp. 

J^olithes  Acadica  Hartt. 

H,  Danianus  Matthew,  mss. 

JET  Micniac  Matthew,  mss. 

Agnostus  Acadicus  Hartt. 

Microdisciis  Dawsoni  Hartt.' 

M.  punctatus  Salter  ?. 

Paradoxides  lameUatus  Hartt. 

P.  Acadicus  Matthew. 

P.  Etiminicus  Matthew. 

Conocoryphe  Matthewi  Hartt. 

C  elegans  Hartt. 

6'..  (Salteria)  Bailey i  Hartt. 

Ptychoparia  Rohbi  Hartt. 

P,  Ouangondiana  Hartt. 

P.  Ouangondianay  var.  Aurora  Hartt. 

P.  quadrata  Hartt 

P.  Orestes  ^^x\X. 

P.  Orestes^  var.  Thersites  Hartt. 

P.  tener  Hartt. 

The  OboleUa  transversa  of  Hartt  is  clearly  allied  to  0.  sag- 
itialis  Salter,  and  is  not  a  true  Obolella,  but  represents  a  genus 
not  yet  defined. 

Mr.  Davidson*  called  attention  to  the  differences  between  O. 
chromatica,  the  type  of  the  genus,  and  0.  sagiitalis.  Later  Mr. 
S.  W.  Fordf  compared  the  two  forms,  and  suggested  that  0.  sag- 
iitalis probably  represented  a  new  genus.  When  studying  the 
Obolella-like  forms  from  Nevada,  I  arrived  at  the  same  con- 
elusion  (1882),:^  ^"^  placed  the  species  in  three  groups,  taking 
0.  gemma  Bill.,  0.  (desquamata)  =  crasea  Hall,  as  typical  of  the 

*  Monogr.  Brit.  Fobs.  Brach.,  p.  338.     f  This  Journal,  vol.  xxi,  p.  133,  1881. 
t  Pal.  Eureka  District,  Mon.  yiii,  U.  S.  Geol.  Survey. 
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genus  Obolella ;  0,  f  polita  Hall,  0,  ambigua  Walcott,  as  repre- 
seating  the  second  group,  and  0,  mgiUalis  the  third.  In  study- 
ing O.  transversa  Hartt,  ihe  similarity  between  it  and  0.  sag- 
itialxs  was  noted.  For  this  type  the  following  genus  is  proposed 
in  honor  of  the  late  Dr.  G.  Lmnarsson. 


Family  OBOLID^ 
LiNNABSSONiA,  n.  gen. 

Shell  calcareous,  transversely  or  longitudinally  ovate,  sub- 
circular;  convex  in  the  typical  species;  valves  inarticulate. 
Ventral  valv6  convex  with  the  eccentric  apex  perforated  by  a 
minute  foramen;  no  area;  cardinal  edge  thin.  Dorsal  valve 
convex  in  the  species  thus  far  known ;  without  any  area. 

In  the  interior  of  the  ventral  valve  two  oval  and  oblique 
scars  lie  each  side  of  the  slightly  raised  rim  surrounding  the 
minute  foraroinal  opening  and  close  to  the  posterior  margin ; 
from  the  foraminal  rim  a  groove  extends  obliquely  forward 
and  outward  on  each  side,  so  as  to  enclose  a  projecting  a 
shaped  ridge  that  is  highest  at  its  posterior  margin,  just  in 
front  of  the  circular  foraminal  opening. 

In  the  interior  of  the  dorsal  valve  two  large,  irregularly  cir- 
cular scars  are  situated  close  to  the  posterior  margin  and 
separated  by  a  low,  fiat  ridge  that  extends  forward  between  the 
two  small  divaricator  scars.     Type,  Obolella  transversa  Hartt 

Mr.  Davidson  did  not  find  that  the  ventral  valve  of  Obolella 
sagiUalis  was  perforated,  but  if  finely  preserved  specimens  of 
the  exterior  of  the  valve  can  be  obtained,  I  have  little  doubt 
but  that  the  apex  will  be  found  to  be  perforated  by  a  minute 
foramen. 

In  an  almost  identical  form  Mr.  Linnarsson*  found  the  ventral 
valve  to  be  perforated,  and  also  describes  a  pedicle  groove  that, 
as  yet,  we  fail  to  find  in  Z.  transversa. 

The  Obolella-like  form  figured  by  Barrande  and  De  Verneuilf 
has  the  ventral  valve  perforate,  and  appears  to  be  closely 
related  to  the  genus  under  consideration. 

The  plan  of  the  interior  of  the  ventral  and  dorsal  valves  of 
Obolella  chromatica  are  given  as  in  Mr.  S.  W.  Ford's  paper,j: 
and  the  interiors  of  Z.  transversa  from  drawings  from  the  types 
of  the  species. 

In  a  future  paper  I  will  endeavor  to  bring  together  descrip- 
tions and  illustrations  of  all  the  American  Cambrian  species  of 
Oholidas. 

*  Brach.  Paradoxides  beds  of  Sweden,  1876,  pi.  iii,  figs.  36-41. 

{Bull.  Qeol.  Soo.  France,  2d  ser.,  vol.  xvii,  pL  yiii,  fig.  6. 
The  genns  Obolella.    This  Journal,  vol.  xxi,  p.  131,  1881. 
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Discina  Acadica  Hartt  is  now  referred  to  the  genus  Sienotheca. 
When  examining  specimens  of  Stenotkeca  rugosa  Hall,  sp.,  from 
the  Georgian  horizon  at  Troy,  New  York,  in  the  collection  of 
Mr.  S.  W.  Ford,  I  noticed  compressed  specimens  that  are 
almost  identical  in  appearance  with  the  type  of  Professor 
Hartt's  species  now  before  me.  Mr.  R  P.  Whitfield*  called 
attention  to  this  resemblance,  believing  that  D.  Acadica  was  the 
impression  of  a  univalve  shell  of  the  genus  Pakeacmea  or  Sien- 
otheca, 

Dbsobiption  of  Figubes. 

Fig.  1.  Plan  of  the  interior  of  the  dorsal  valve  of  OboleUa  chromatica  as  deter- 
minwl  by  Mr.  Billings.  Fig.  2.  Ditto  of  the  ventral.  Fig.  3.  OutliDe  of  the  interior 
of  the  ventral  valve  of  Linnarswnia  transversa ;  the  apex  of  the  triangular-shaped 
projection  in  front  of  the  furaminal  opening  is  broken  off.  Fig.  4.  Cast  of  the 
interior  of  the  ventral  valve  of  ditto.  Fig.  5.  Cast  of  the  interior  of  the  ventral 
valve  of  L.  sagittaiis,  after  Davidson.  Fig.  6.  Interior  of  the  dorsal  valve  of  L, 
transversa,  as  shown  in  a  flattened  specimen.  Fig.  7.  Cast  of  the  interior  of  the 
dorsal  valve  of  an  uncompressed  example  of  L.  transversa.  Fig.  8.  Cast  of  the 
interior  of  the  dorsal  valve  of  L.  sagitUUis^  afler  Davidson. 


Art  XIX. — On  the  Rotation  of  the  Equipotential  Lines  of  an 
Electric  Current  by  Magnetic  Action ;  by  E.  H.  Hall,  Instruc- 
tor in  Physics  at  Harvard  College. 

In  this  article  the  results  will  be  given  of  experiments  made 
during  the  month  of  August,  1883,  and  at  intervals  since,  in 
the  Physical  Laboratory  of  Harvard  College.  The  substances 
which  have  been  chiefly  examined  are  copper,  zinc,  certain  of 
their  alloys,  and  iron  and  steel.  Some  mention  will  be  made 
also  of  gold,  cobalt,  nickel,  bismuth  and  antimony.  In  most 
cases  when  possible  the  metal  was  used  in  the  form  of  a  thin 
strip  about  I'l  cm.  wide  and  about  8  cm.  long  between  the  two 
pieces  of  brass  B,  B  (fig.  1),  which  soldered  to  the  ends  of  the 
strip  served  as  electrodes  for  the  entrance  and  escape  of  the 
main  current  To  the  arms  a,  a,  about  2  mm.  wide  ana  perhaps 
7  mm.  long,  were  soldered  the  wires  t<;,  w^  which  led  to  a  Thom- 
son galvanometer.  The  notches  c^c,  show  how  adjustment 
was  secured.  The  strip  thus  prepared  was  fastened  to  a  plate 
of  glass  by  means  of  a  cement  oi  beeswax  and  rosin,  all  the 
parts  shown  in  the  figure  being  imbedded  in  and  covered  by 
this  cement,  which  was  so  hard  and  stiff  as  to  be  quite  brittle 
at  the  ordinary  temperature  of  the  air. 

The  plate  of  glass  bearing  the  strip  of  metal  so  imbedded 
was,  when  about  to  be  tested,  placed  with  B,  B,  vertical  in  the 
narrow  part  of  a  tank  whose  horizontal  section  is  shown  in  fig. 
2.    This  tank  T  T  containing  the  plate  of  glass  with  the  metal 

•  Bull  Amer.  Mus.  Nat  Hist,  vol.  i,  p.  140. 
An.  JouB.  Sol— TmBD  Sebibs,  Vol.  XXIX  No.  170.-~Fbb.,  1885. 
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strip  was  placed  between  the  poles  P,  P,  of  the  electromagnet. 
The  tank  was  filled  with  water  which  was  sometimes  at  rest 
and  sometimes  flowing.  By  this  means  the  temperature  of  the 
strip  of  metal  was  under  tolerable  control  and  the  inconven 
ience  from  thermoelectric  effects  at  a  and  a  considerably  les- 
sened. The  diameter  of  the  plane  circular  ends  of  the  pole 
pieces  P,  P,  is  about  3*7  cm. 


The  general  method  of  most  of  the  experiments  to  be  men- 
tioned did  not  differ  much  from  that  described  in  this  Journal 
for  September,  1880.  The  intensity  of  the  magnetic  field  was 
estimated  as  before,  by  the  impulse  given  to  a  galvanometer 
needle  when  a  small  coil  in  connection  with  the  galvanometer 
was  suddenly  removed  from  the  field.  This  impulse  was  com- 
pared with  that  given  to  the  same  needle  by  the  current 
obtained  by  turning  an  earth  inductor  of  known  dimensions. 

The  direct  current  through  the  strip  under  examination  was 
measured  by  means  of  a  tangent  galvanometer.  The  transverse 
current  was  measured  by  means  of  a  Thomson  galvanometer, 
the  reduction  factor  of  this  instrument  usually  being  deter- 
mined by  passing  through  it  a  current  of  known  strength  a  few 
minutes  before  and  a  few  minutes  after  each  set  of  observa- 
tions on  the  transverse  current. 

The  rotational  powers  will,  then,  be  given  in  ostensibly 
absolute  measure,  but  an  uncertainty  of  several  per  cent 
attaches  to  the  values  given  owing  to  uncertainty  in  regard  to 
the  following  quantities :  1st,  the  thickness  of  the  strips  exam- 
ined ;  2d,  the  dimensions  of  the  small  test  coil  used  for  getting 
strength  of  magnetic  field ;  3d,  the  horizontal  intensity  of  the 
Earth's  magnetism ;  4th,  the  reduction  factors  of  the  tangent 
galvanometer  used ;  5th,  the  magnitude  of  the  direct  effect 
exerted  by  the  electromagnet  upon  the  Thomson  galvanometer 
at  a  distance  of  about  60  feet. 
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One  of  the  most  troublesome  operations  in  these  experiments 
is  that  of  determining  the  thickness  of  the  metal  stnps  exam- 
ined. Owing  to  the  inevitable  slight  roughness  of  the  surface, 
direct  measurement  with  calipers  is  likely  to  give  too  great  a 
thickness.  On  the  other  hand  the  density  of  many  specimens 
is  subject  to  considerable  uncertainty  and,  therefore,  the  indi- 
rect method  by  means  of  weight  and  density,  which  is  the 
method  used,  cannot  be  applied  with  full  confidence.  More- 
over ihe  latter  method  gives,  at  best,  only  the  average  thick- 
ness of  the  strip,  whereas  I  have  heretofore  assumed,  and  in 
this  article  still  assume,  that  the  effective  thickness  of  the  strip 
is  the  thickness  of  that  part  which  lies  between  the  two  arms 
a,  a.  My  practice  of  late  has  been,  therefore,  to  determine  the 
average  thickness  by  the  weight  and  density  method,  making 
use  of  the  best  data  available,  and  to  estimate  the  thickness  be- 
tween the  arms  by  adding  to,  or  subtracting  from  the  average 
thickness,  according  as  the  calipers  indicated  the  thickness  at 
that  place  to  be  greater  or  less  tnan  the  average.  In  case  of  sev- 
eral of  the  strhps  to  be  mentioned  hereafter  this  correction  was 
somewhat  carelessly  made  and  there  may  be  an  inaccuracy  of 
four  or  five  per  cent  in  the  estimated  "  effective  thickness." 
With  other  strips  mucli  care  was  taken  in  this  respect  and  it  is 
believed  that  the  uncertainty  in  regard  to  the  density  of  the 
metal  is  the  greatest  source  of  error  in  determining  the  thick- 
ness in  these  casea  Particulars  will  be  given  as  the  strips  are 
in  turn  described. 

The  5th  source  of  error  was  very  troublesome  in  the  experi- 
ments upon  certain  alloys.  The  galvanometer  was  unfortun- 
ately so  placed  that  not  only  the  magnitude  but  even  the 
direction  of  this  effect  of  the  electromagnet  might  be  varied 
when  by  any  means  the  galvanometer  needle  was  turned  a  few 
degrees  from  its  ordinary  position  of  rest 

CoppBR,  Zinc  and  thbib  Allots. 

More  than  three  years  ago  (B.  A.  Keport,1881),  I  found  that 
if  the  rotational  power  of  copper  is  culled  — ,  that  of  zinc  is 
-f .  At  the  same  time  a  specimen  of  brass,  exact  composi- 
tion unknown,  had  been  found  to  lie  between  copper  and  zinc 
in  this  respect,  but  nearer  the  copper,  having  in  fact  a  small 
—  rotating  power. 

Through  the  kindness  of  Prof.  Trowbridge  and  Mr.  E.  K. 
Stevens,  I  had  at  command  in  the  summer  of  1883  several 
alloys  of  copper  and  zinc  in  widely  varying  proportions.  Spec- 
imens of  these  alloys  had  been  analyzed  chemically  bv  Mr. 
Stevens,  but  as  they  had  lain  for  some  time  in  an  exposedf  posi- 
tion after  he  had  finished  his  work  upon  them,  I  feared  the 
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labels  upon  them  might  not  be  intact,  and  Mr.  G.  D.  Moore  of 
the  Harvard  class  of  1884  has  been  kind  enough  to  make  new 
analyses  for  me,  determining  both  the  copper  and  the  zinc  in 
specimens  furnished  him  in  the  form  of  thin  strips  such  as 
were  used  in  my  own  experiment&     Mr.  Moore  found 

Speciinen.  Copper.  Zinc. 

A  99*9  per  cent 

B  81-08  18-61  percent. 

C  72-86  27-02 

D  66-86  33-04 

F  6-87  93-79 

G  a  trace  99-54 

Specimen  E  which  contained  apparently  about  60  per  cent 
copper  was  so  brittle  that  I  did  not  succeed  in  getting  it  rolled 
into  a  thin  sheet. 

Most,  if  not  all,  of  these  specimens  were  annealed  one  or  more 
times  during  the  process  of  rolling.  None  of  the  strips  exam- 
ined, however,  were  annealed  after  the  final  rolling.  All  of 
the  strips  which  were  used  were  cut  in  such  a  way  that  the 
arms  a,  a  extended  in  that  direction  in  which  the  strips  passed 
through  the  rolls. 

As  it  is  a  somewhat  troublesome  matter  to  determine  accu- 
rately the  density  of  a  thin  strip  of  metal  and  as  my  immediate 
purpose  did  not  demand  great  accuracy  in  this  respect,  it 
seemed  allowable  to  estimate  the  density  of  the  alloys  from 
their  composition.  After  certain  rough  experiments  the  den- 
sity 8*9  was  assumed  for  the  copper,  and  7*2  for  the  zinc- 
Assuming,  what  we  know  to  be  not  strictly  true,  that  the  den- 
sity of  an  alloy  decreases  regularly  as  its  amount  of  zinc  per 
unit  mass  increases,  we  find 

AUoy.  Density. 

B  8-6 

C  8-4 

D  8-8 

F  7-8 

The  description  of  particular  strips  will  now  be  given. 

A.     (No.  1.) 

Length  of  main  strip  when  weighed 4-20  cm. 

Width  of  main  strip  when  weighed 1-07  cm. 

Area  including  that  of  the  arms 4-98  cm.  sq. 

Wei^^ht *202  grm. 

Density 8-9 

Average  thickness  from  above -00466  cm. 
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By  calipers  the  thiokness  appeared  to  be  at  one  end  '0046 ; 
other  end  '0044;  between  arms  '0048;  average  *0046.  Take 
then  for  true  thickness  between  arms  '00476. 

The  measurement  with  calipers  in  this  case  was  not  made  with 
great  care,  and  the  correction  here  applied  is  open  to  some  sus- 
picion. 

With  this  strip  the  space  between  the  brass  strips  B,  B  (fig.  1) 
was  about  3'2  nun. 

B.  (No.  1.) 

Length  of  main  strip  when  weighed 4*58  cm. 

Width  of  main  strip  when  weighed    1*08  cm. 

Area,  including  that  of  the  arms 5 '3  2  cm.  sq. 

Weight '184  grm. 

Density 8*68 

Average  thickness  from  these  data '00403  cm. 

From  the  indications  of  the  calipers  I  concluded  that  the 
thickness  between  the  arms  was  about  1^  per  cent  greater  than 
the  average  thickness. 

Hence  thickness  between  the  arms,  '00409  cm.  This  value, 
like  that  given  for  A,  may  be  wrong  to  the  extent  of  several  per 
cent    Distance  between  strips  B,  B,  about  3*2  cm. 

C.  (No.  1.) 

Length  of  main  strip  when  weighed -  3*76  cm. 

Width  of  main  strip  when  weighed    1*08  cm. 

Area  of  whole  strip  when  weighed    4'39  cm.  sq. 

Weight '1086  gnn. 

Density 8-44 

Average  thickness  from  these  data -00292  cm. 

By  calipers  thickness  at  one  end,  *0034 ;  at  other  end,  '0032 ; 
between  arms,  *0034;  average,  '00333  cm.  Take  then  for  true 
thickness  between  arms  '00299  cm.  Distance  between  strips 
B,  B,  about  3-2  cm. 

D.  (No.  1.) 

Length  of  main  strip  when  weighed 3 '86  cm* 

Width  of  main  strip  when  weighed  . 1'07  cm. 

Area  of  whole  strip   4*45  cm.  sq. 

Weight '1081  grm. 

Density 8'33 

Average  thickness  from  these  data '00291  cm. 

By  calipers  thickness  at  one  end,  '0030 ;  at  other  end,  *0030 ; 
between  arms,  -0032 ;  average,  -00307  cm.  Take  for  true  thick- 
ness between  arms  -00304  cm.  Distance  between  strips  B,B, 
about  3-2  cm. 
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F.  (No.  1.) 

Length  of  main  strip  when  weighed 3*70  om. 

Width  of  main  strip  when  weighed 1*06  cm. 

Area  of  whole  strip  when  weighed   4*28  cm.  sq. 

Weight -2915  grm. 

Density 7*3 

Average  thickness  from  the  data '00934  cm. 

By  calipers  thickness  at  one  end,  *0098;  at  other  end,  '0100; 
between  arms,  *0100 ;  average,  '00993  cm.  Take  for  true  thick- 
ness between  arms  '00941  cm.  Distance  between  strips  B,  B, 
about  3*2  cm. 

G.  (No.  1.) 

Length  of  main  strip  when  weighed 4*17  cm. 

Width  of  main  strip  when  weighed 1'09  cm. 

Area  of  whole  strip  when  weighed   6-03  cm.  sq. 

Weight '1206  grm. 

Den^ty 7*2 

Average  thickness  from  these  data -00333  cm. 

From  a  somewhat  careful  use  of  the  calipers  it  appeared  that 
the  thickness  between  the  arms  was  about  4^  per  cent  greater 
than  the  average  thickness. 

Take  then  for  thickness  between  arms  '00348' cm.  Distance 
between  strips  B,  B,  about  3-2  cm. 

The  main  object  in  the  experiments  upon  these  metals  and 
their  alloys  was  to  determine  whether  the  alloys  would  range 
themselves  according  to  any  simple  law  so  that  the  magnitude 
of  the  rotational  power  in  any  alloy  might  be  inferred  from  its 
known  proportions  of  copper  and  zinc.  Some  attempt  was 
made,  moreover,  to  determine  the  effect  of  change  of  tempera- 
ture in  different  specimens. 

It  will  be  seen  that  the  intensity  of  the  magnetic  field  was 
kept  nearly  the  same  throughout  the  experiments  of  August 
upon  copper,  zinc,  and  their  alloys.  The  strength  of  the  direct 
current  was,  moreover,  of  about  the  same  magnitude  in  all 
cases  except  the  experiments  of  Aug.  11th  on  copper.  On 
that  day  the  current  used  was  less  than  one  half  as  strong  as 
that  used  laler.  The  same  strip  of  copper  was  tested  again 
Aug.  29th  with  a  current  of  the  usual  strength  and  the  agree- 
ment between  the  results  obtained  under  so  widely  different 
conditions  is  quite  close. 

In  the  following  table  and  throughout  this  article  the  0.  G. 
S.  system  is  used  wherever  no  statement  is  made  to  the  con- 
trary. The  following  symbols  used  with  the  tables  need 
explanation : 
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C  means  ourrent  along  line  C  D  (fie.  1). 
^nsity  of  maj^netio  fielc 
of  paper  in  fig.  1 


M  means  intensity  of  magnetic  field  perpendicular  to  plane 


Iw  P.  means  rotatory  power^  which  is  numericall j  defined  b j  the 

expression  Dp; — ir^^  in  which  D  is  the  thickness  of  the  metal  strip, 

and  E  is  the  electromotive  force  resulting  from  C  and  M  which 
maintains  the  transverse  current.*  The  R.  P.  is  considered  posi- 
tive when  E  is  of  such  a  character  as  to  send  k  positive  transverse 
current  in  that  direction  in  which  the  conducting  strip  tends  to 
move  under  the  action  of  the  main  current  and  the  magnetic 
force. 

The  temperatures  referred  to  in  the  tables  are  those  indicated 
by  a  thermometer  placed^  in  the  ^vater  tank  containing  the  plates 
when  under  examination  (fig.  2). 

Copper^  Zinc,  and  their  AUoys. 


strip. 


B 

C 


CompotlttoQ 

ace.  to 
chem.  anal. 


Percent 
Copper. 


100 
(999) 


81*3 


(81*08)  (18*51) 


73 

(72-86) 
•I 

67 

(66-86) 
It 

6 

(5-87) 


00 

(trace) 


Percent 

ZlDC.     ' 


Date.. 


I    1883. 
Aug.  11 


18-7 


27 

(27-02) 
It 

33 

(3304) 
It 

94 
(93-79) 

it 

100 


Aug.  29 
Aug.  18 

Aug.  17 

tt 

Aug^l3 
I* 

Aug.  17 


Tern. 


3"0. 
4-8' 
21-6' 
24-6* 


26* 


510 
22-8* 


6« 
26- 


4* 
24'? 


(99-64)  Aug.  16    4-4" 


i  26* 


I 


22-4* 


6700 
6640 
6660 
6030 


6760 


6680 
5700 


6830 
6930 


6640 
6690 


6160 
6130 
6210 


0619 
•0819 
0876 
1906 


1800 


1810 
1830 


1680 
1680 


1790 
1780 


1860 
1860 
1870 


R.P. 
xlO" 


(-621) 

(-530) 

(-620)  ) 

(-619)  \ 


(-404) 


(-246) 
(-260) 


(-178) 
(-166) 


(  +  527) 
(+496) 


(  +  838) 
(  +  830)) 
(  +  809)  f 


RP. 
near 
24'  C 
X  10" 


(-520) 
(-404) 

(-260) 

(-166) 

(  +  496) 

(  +  820) 


Compoal- 
tlon,  etct 


P.  c  p.  c. 
Cop.  zinc 


91-3 


80 


73.6 


24-3 


8-7 


20 


26-4 


76-7 


This  table  shows  the  results  of  experiments  with  the  metal 
strips  thus  far  described  in  detail.     The  last  two  columns  give 

M  X  "V 
•  The  RP.  of  thU  article  is  the  reciprocal  of  the  quantity  — -;-  used  in  my  arti- 

de  in  the  Amer.  Jour,  of  Science,  Sept.  1880. 

f  Gompoeition  of  alloyi  which  A  priori  might  have  been  expected  to  have  these 
▼alnea  of  R.  P. 
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approximately  the  oompoBition  of  plates  which  would  have  the 
observed  rotatory  powers  if  copper  and  zinc  in  uniting  retained 
their  individual  powers  unaltered.  It  will  be  perceived  that  in 
every  case  the  proportion  of  copper  demanded  upon  this  basis 
is  greater  than  the  proportion  in  the  actual  plate. 

At  the  time  these  experiments  were  made  I  supposed  plate  B 
to  contain  about  92  per  cent  of  copper,  which  would  have  fur- 
nished an  exception  to  this  rule.  Thinking  some  serious  error 
might  have  been  made  in  estimating  the  thickness  of  this  plate, 
or  that  of  the  copper  plate  or  the  zinc,  I  prepared  with  very 
great  care  plates  No.  2  of  A,  B  and  G.  These. new  plates  were 
similar  to  those  already  described,  but  were  in  length  between 
B  and  B  about  2*2  cm.  As  the  vacation  was  now  over  and  my 
opportunities  for  experimental,  work  were  limited,  I  contented 
myself  with  making,  in  the  main,  comparative  experiments  with 
these  plates.  I  did  not  redetermine  the  horizontal  intensity  of 
the  earth's  magnetism  and  I  made  no  attempt  to  determine  the 
direct  effect  of  the  electromagnet  upon  the  Thomson  galvanom- 
eter with  which  the  transverse  current  was  observed.  I  knew 
that  this  direct  effect  was  small  and  I  endeavored  to  arrange 
matters  in  such  a  way  that  it  would  affect  all  the  new  results  with 
A,  B  and  G  in  the  same  direction  and  to  nearly  the  same  extent. 
The  intensity  of  the  magnetic  field  in  the  experiments  with  these 
plates  was  about  the  same  as  in  the  previous  experiments  with 
the  alloys.  This  intensity  was  determined  as  usual  on  October 
20th,  when  the  effect  of  change  of  temperature  upon  the  plate 
B  No.  2  was  tested,  but  on  October  18th,  when  A  No.  2  and 
B  No.  2  were  compared,  and  on  October  27th,  when  A  No.  2 
and  G  No.  2  were  compared,  this  determination  was  not  con- 
sidered necessary.  On  October  18th  A  No.  2  was  tested  first, 
then  B  No.  2,  then  A  No.  2  again.  ^  This  arrangement  tended 
to  make  the  result  of  the  comparison  independent  of  any  pro- 
gressive diminution  in  t^e  strength  of  the  current  operating 
the  electromagnet,  and  it  saved  much  time.  On  October  27th 
the  same  method  was  followed. 

I  shall  not  attempt  to  give  the  result  of  these  experiments  in 
absolute  measure,  but  shall  write  the  results  obtained  on  an 
arbitrary  scale. 

Per  cent         Per  oent 


Specimen. 

of 

Copper. 

ofZina 

Temp. 

R.P. 

A.         No.  2. 

99-9 



. 

ioo(-.) 

B. 

81-08 

18-61 

21° 

76-l(-) 

(i             (( 

(( 

u 

4* 

78-7(-) 

G. 



99-54 



168-8(  +  ) 

A  No.  2  and  B  No.  2  were  compared  at  about  25°  C,  A  No.  2 
and  G  No.  2  at  about  19*  C. 
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The  values  of  R  P.  given  in  the  first  table  are  in  the  follow- 
ing proportion : 

R.  0. 
A  No.  1.        100     (-) 


00  r-) 
77.6  (-) 
67-6  (+) 


B 

C         "  167 

This  agreement  was  regarded  as  highly  satiaractory,  all 
things  considered,  and  the  apparent  exception  which,  as 
stated  above,  had  been  noted  in  the  case  of  B  appeared  to  be 
confirmed.  The  result  of  the  chemical  analvsis,  however, 
showed  that  this  alloy,  which  according  to  tlie  label  foand 
upon  it  contained  nearly  92  per  cent  of  copper,  really  had  the 
composition  given  in  the  tables  above.  Alloy  B,  then,  does 
conform  to  the  rule  that  the  alloys  of  copper  and  zinc  have 
rotating  powers  nearer  to  that  of  copper  than  the  composition 
of  the  alloys  would  have  led  one  to  expect. 

Inflitsnoe  of  Tbmpbraturb. 

It  will  be  seen  that  in  the  case  of  copper,  zinc  and  all  the 
alloys  except  C,  a  fall  of  temperature  appears  to  cause  a  slight 
increase  in  the  numerical  value  of  of  the  rotating  power.  It  is 
possible  that  upon  further  trial  the  apparent  exception  fur- 
nished by  C  would  disappear.  It  does  not,  on  the  other  hand, 
seem  probable  that  the  agreement  in  a  particular  direction  of 
five  cases  out  of  six  is  entirely  accidental.  In  the  case  of  D 
the  apparent  change  caused  by  fall  of  temperature  is  very 
considerable,  but  the  observations  made  with  this  alloy  were 
particularly  unsatisfactory,  the  needle  of  the  Thomson  gal- 
vanometer being  quite  unsteady,  while  the  total  effect  to  be 
measured  was  small. 

The  experiments  upon  iron  and  steel  were  in  the  main 
repetitions  of  those  already  published,  but  made  with  more 
care. 

Soft  Iron. 

The  dimensions  of  the  strip  of  soft  iron  used  in  the  experi- 
ments were  roughly  as  follows : 

Length  between  terminals  B,  B,  (fig.  1), 2*9  cm. 

Width, 1-06  cm. 

Thickness, '0041  cm. 

Like  the  strip  used  in  1882*  it  was  obtained  through  the 
kindness  of  Prof.  Langley  of  the  Allegheny  Observatory,  and 
the  two  strips  had  probably  nearly  the  same  composition  and 
character* 

*  This  Journal,  March,  1S83. 
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Although  the  test  made  in  1382  was  not  satisfactory,  it 
seemed  to  me  to  indicate  that  the  R  P.  of  soft  iron  was  tflighCly 
greater  at  high  than  at  low  magnetic  intensities,  and  I  hazarded 
the  opinion  that  future  experiments  would  prove  this  to  be  the 
case.  This  opinion  has  scarcely  been -justi tied  by  the  result. 
The  table  given  below  does  indeed  appear  lo  indicate  a  very 
slight  increase  in  the  B.  P.  as  M  rises  from  801  to  8264  and 
again  as  M  rises  Trom  3264  to  6835,  but  the  increase  in  the 
numbers  as  observed  is  too  slight  to  deserve  any  confidence. 


Date. 

Temp. 

M. 

C. 

R.P. 

Estimated  R.P. 
at  2S\ 

Aug.  22, 

'83.  6-2* 

791-4 

•1771 

+  7147X10-* 

» 

28-2 
28-3 

797-6 
804-6 

•1742 
-1794 

+  8302 
+  8304 

28-26 

801-1 

8303 

+  8290X10-** 

Aug.  23. 

28-1 
28-4 
27-66 

3259 
3274 
3260 

-1728 
•1702 
-1696 

8306 
8289 
8306 

28-06 

3264 

8300 

+  8297X10-** 

Aug.  24. 

28-7 
28-1 
28-0 

6797 
5833 
5875 

•1839 
-1842 
•1863 

8391 
8310 
8246 

28-27 

6835 

8315 

+  8300X10-" 

Aug.  27. 
u 

27-26 
28-36 
27-95 

8626 
8690 
8636 

•1894 
•1898 
-1911 

8139 
8261 
8200 

27-85 

8651 

8200 

+  8208X10-" 

FaU  of  R.  P.  for  T  faU  of  temperature  equals  approximately  f  per  cent 

On  the  other  hand  the  decrease  in  the  observed  value  of  the 
R.  P.  as  M  rises  from  5835  to  8661,  though  slight,  seems  to  me 
strong  evidence  of  an  actual  falling  off  in  the  value  of  the  RP. 
of  iron  at  high  magnetic  intensities. 

In  any  case  it  appears,  and  this  was  one  of  the  important 
questions  to  be  answered  by  the  experiments,  that  the  B.  P.  of 
iron  under  magnetic  forces  of  varying  intensity  is  more  nearly 
constant  than  the  R  P.  of  nickel,  for  according  to  previous 
experiments*  the  R  P.  of  nickel  in  a  magnetic  field  of  inten- 
sity 8700  is  many  per  cent,  perhaps  20,  less  than  in  a  magnetic 
field  of  intensity  2000. 

The  one  trial  made  at  low  temperature  confirmed  the  infer- 
ence drawn  from  a  similar  trial  made  the  year  before,t  that  a 
fall  of  1®  0.  diminishes  the  R.  P.  in  soft  iron  about  f  per  cent 
It  is  with  these  experiments  as  a  basis  that  I  have  ventured  to 


•Phil.  Mag.,  Sept.,  1881. 


f  This  Journal,  March,  1883,  p.  218. 
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make  the  slight  changes  necessary  to  deduce  from  the  observed 
results  the  values  of  the  R.  P.  at  28"*. 

A  test  was  made  with  this  strip  of  soft  iron  for  a  permanent 
change  in  the  direction  of  the  equipotential  lines.  A  similar 
experiment  with  tempered  steel  the  year  before  had  been  suc- 
cessful and  the  description  of  tbe  method  I  will  quote  from  a 
previous  article  (thi.H  Journal,  March,  1883).  **This  plate, 
with  ihe  usual  electrical  connections,  and  with  a  current  flow- 
ing through  it,  was  placed  in  the  usual  position  between  the 
poles  of  the  electromagnet,  the  magnet  current  was  turned  on, 
then  oflT,  and  the  plate  removed  from  between  the  poles  in 
order  to  avoid  the  action  of  the  very  considerable  residual 
magnetism  of  the  electromagnet  A  reading  of  the  Thomson 
galvanometer  in  the  transverse  circuit  was  now  made,  then  the 
plate  was  replaced  between  the  poles  and  the  current  turned  on 
again  but  in  the  opposite  direction.  The  magnet  current  be- 
ing again  interrupted,  the  plate  was  again  removed  from  tbe 
field  and  another  reading  of  the  Thomson  galvanometer  was 
made."  Making  this  experiment  with  the  soft  iron  and  with  a 
battery  of  50  cells,  the  result  was  a  negative  one.  If  any  per- 
manent effect  was  produced,  it  was  probably  a  small  part  of 
one  per  cent  of  the  temporary  effect  produced  while  the  plate 
was  subjected  to  the  ms^net's  action. 

Stbbu 

The  steel  used  in  this  series  of  experiments  was  obtained 
from  Montgomery  &  Co.,  New  York,  and  was  designated  by 
the  letters  "F.  0.  R."  which  stand  for  **  French  Cold  Rolled." 
This  steel  as  it  came  from  the  dealers  was  pliable  and  soft 
enough  to  be  quite  readily  cut  with  a  pocket  knife.  The  first 
strip  to  be  described  was  tested  in  this  "  natural  "  condition. 

No.  1  {untempered,) 

Length  of  main  strip  when  weighed 4*1 8  cm. 

Width  of  main  strip  when  weighed 1-10  cm. 

Area  of  whole  strip  when  weighed 4*88  sq.  cm. 

Weight 4*2 1  grm. 

Density 7*9 

Average  thickness  from  these  data *01092  cm. 

Estimated  thickness  between  arms '01116  cm. 

Distance  from  B  to  B,  about 3'1  cm. 

No.  2  {tempered.) 
The  dimensions  of  this  strip  were  not  so  carefully  taken. 
It  was  so  brittle  that  I  felt  obliged  to  use  caution  in  applying 
the  calipers  to  it.  It  appeared  to  be  of  about  the  same  thick- 
ness as  No.  7  and  I  assumed  it  to  have  exactly  the  same  thick- 
ness.   The  distance  from  B  to  B  was  about  2'6  cm. 
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Besults  obtained  with  these  two  strips  are  shown  in  the  fol- 
lowing table : 

Date.  Teap.  M.  C.  R.P. 

No.  1.  Nov.  24.  IS-V"*         1647         -0970      +12000X10-" 

"  «  2-6  1629         -1007      +11 230  X     " 

16-2  TTO 

Decrease  for  I*"  fall  of  temperature,  approximately  4  per  cent. 

No.  2.  Dec.  1.  18-**  1602  0870      +32720X10-" 

"  "  J_-9  1587  -0908      +  30800  X     " 

leT  1920 

Decrease  for  1  **  fall  of  temperature,  approximately  '4  per  cent 

The  magnitude  of  the  rotational  coefficient  in  the  soft  steei 
is  about  1^  times,  and  that  in  tempered  steel  about  4  times  as 
great  as  that  in  the  soft  iron.  This  agrees  very  well  with  the 
conclusion  drawn  from  the  hasty  experiments  of  the  year  be- 
fore, when  a  piece  of  steel  from  a  clock-spring  was  used. 
When  a  sensitive  galvanometer  is  used,  an  ordinary  permanent 
horse-shoe  magnet  of  half  inch  bar  produces  an  easily  discerni- 
ble effect  in  the  strip  of  tempered  steel. 

It  should  be  stated  that  two  or  three  months  before  the  trials 
which  furnished  this  table  were  made,  both  these  steel  strips 
had  been  subjected,  in  the  usual  position,  to  a  magnetizing  force 
of  about  8500  intensity.  It  does  not  seem  probable  that  the 
results  just  recorded  were  seriously  affected  by  this  previous 
experience  of  the  steel. 

This  first  magnetization  was  for  the  purpose  of  detecting,  if 
possible,  a  permanent  effect,  such  as  had  been  observed  a  year 
before  in  a  piece  of  tempered  clock-spring,  but  had  been  vainly 
looked  for  in  soft  iron. 

No.  2  showed  a  permanent  effect  equal  to  about  1^  per  cent 
of  the  temporary  effect,  a  result  agreeing  very  well  with  that 
obtained  with  the  tempered  clock-spring.  No.  1  showed  a 
permanent  effect  relatively,  and  even  absolutely,  larger  than 
that  in  No.  2.  It  was  about  5  per  cent  of  the  temporary  effect. 
In  both  cases  the  tests  made  were  hasty,  and  the  results  ob- 
tained are  only  approximately  correct.  I  believe  it  has  been 
observed  that  residual  magnetization  is,  under  certain  condi- 
tions, greater  in  soft  than  in  hard  steel. 

Gold. 

The  only  experiment  of  importance  made  with  gold  was  a 
test  for  permanent  effect.  The  strip  used  was  the  one  experi- 
mented with  the  year  before,  a  description  of  which  has 
already  been  published  (this  Journal,  March,  1883).  The  per- 
manent effect,  if  any  was  produced,  must  have  been  a  very 
small  part  of  one  per  cent  of  the  temporary  effect 
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Cobalt. 

In  the  Philosophical  Magazine  for  September,  1881,  I  said, 
"No  thin  strips  of  the  metal  [cobalt]  being  at  hand,  a  slice  was 
sawn  from  a  small  block  of  moderately  pure  cast  cobalt  and 
worked  into  the  form  of  a  cross.  To  the  extremity  of  each 
arm  of  this  cross  was  soldered  a  thin  strip  of  copper  ....  for 
the  purpose  of  making  the  electrical  connections.  The  cross  of 
cobalt  with  the  copper  strips  attached  was  now  fastened  with 
hard  cement  [beeswax  and  rosin]  to  a  strip  of  glass,''  etc.  It 
was  the  same  piece  of  cobalt,  reduced  now  with  file  and  emer^ 
paper  to  a  thickness  of  about  '0062  cm.,  that  served  during  this 
new  series  of  experiments.  The  central  portion  of  the  cross 
was  about  2  mm.  square,  and  the  arms,  about  8  mm.  long  and 
2  mm.  wide,  projected  from  it  at  right  angles. 

The  main  object  of  the  recent  test  was  to  determine  the 
effect  produced  in  cobalt  by  change  of  temperature.  It  is 
assumcKl  that  the  intensity  of  the  magnetic  field  remained  con- 
stant during  these  experiments.  It  is  possible,  however,  that  it 
diminished  one  or  two  per  cent  during  the  series.  The  error 
introduced  in  this  way  is  of  slight  consequence  for  the  present 
purpose.  Again,  the  direct  effect  of  the  electromagnet  in  dis- 
turbing the  needle  of  the  Thomson  galvanometer  was  neglected, 
together  with  certain  other  particulars  which  may  have  intro- 
duced a  constant  error  of  several  per  cent  into  the  values 
obtained  for  the  rotatory  power. 

No.  of  Exp.  Date.  Temp.  M.  G.  R.P. 

1.  Dec.  22, '88.     3*  3468  1251     +2092X10-" 

3.  "  1-3*  "  -1243      +20«1 


2^ 

2076 

2. 

« 

18^ 

(( 

•1238 

+  2441 

4. 

u 

« 

(( 

•1244 

+  2890 

18*  2416 

Decreaae  of  R.  P.  for  fall  of  l"*  0.  is  approximately  -Ar  p«r  cent 

Bismuth. 

I  can  only  confirm  what  Prof.  Bighi*  has  already  published 
concerning  the  rotational  effect  in  this  metal.  The  rotational 
power  appeared  to  be  about  260  times  as  great  numerically  as 
that  of  tempered  steel  and  of  the  opposite  sign. 

The  slice  of  bismuth  used  was  obtained,  shaped  and  mounted 
in  much  the. same  manner  as  the  slice  of  cobalt  already  de- 
scribed. The  length  and  breadth  of  the  bismuth  cross  were 
somewhat  greater  than  the  corresponding  dimensions  of  the 
cobalt  and  the  thickness  was  about  1  mm. 

*Aoc.  del  Linoei  Transanti,  Jtme,  1883. 
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It  seems  probable  that  a  thin  slice  of  bismuth,  properly  pre- 
pared and  mounted,  will  come  to  be  a  valuable  instrument  for 
measuring  the  intensity  of  strong  magnetic  fields. 

Antimont* 

The  powerful  effect  observed  in  bismuth  suggested  an  exam* 
ination  of  antimony.  A  slice  of  this  metal  much  like  the  slice 
of  bismuth  just  mentioned  was  prepared.  The  cross  suffered 
in  shape  a  good  deal  in  making  the  adjustment.  The  final 
average  thickness  in  the  central  portion  was  estimated  at 
1-2  mm. 

Bate.  Temp.  M.  0.  R.P. 


k— 1» 


1884,  July  26th,      21-8'*         1696         -1150     +114100x10 

Aug.  8th,        21-r         1638         -1104     +117300X   .  .  . 
Aug.  8th,  3**  1638         -1104      +123900X   .  .  . 

The  two  trials  of  August  8th  were  not  entirely  independent 
of  each  other,  as  only  one  test  of  the  intensity  of  the  magnetic 
field  and  of  the  sensitiveness  of  the  Thomson  galvanometer  was 
made  during  the  two  trials  of  that  date.  The  results  as  they 
stand  indicate  an  increase  of  the  rotational  power  with  fall  of 
temperature,  but  the  experiments  were  too  hasty  to  justify  a 
conclusion  upon  the  matter. 

Several  experiments  have  resulted  from  the  criticisms  or 
suggestions  of  other  investigators. 

Mb.  Bidwsll's  Thbort. 

This  has  been  so  recently  and  so  widely  published  that  it  is 
hardly  necessary  for  me  to  state  it  in  detail. 

In  Science  (March  28th,  1884),  I  replied  very  briefly  to  Mr. 
Bidwell's  first  paper,  stating  that  I  found  the  transverse  current 
in  a  strip  of  soft  steel  to  be  in  the  same  direction  when  the 
strip  was  fastened  to  the  supporting  plate  by  a  clamp  across  the 
middle  of  the  strip  only,  as  when  it  was  fastened  by  means  of 
clamps  at  its  ends  only. 

Mr.  Bidwell  has  in  his  second  paper  (Phil.  Mag.,  April, 
1884),  described  an  experiment  which  he  appears  to  consider 
conclusive  against  the  previously  accepted  view  of  the  ^'  rota- 
tional effect"  In  brief  he  obtains  what  he  calls  a  "  reversal  " 
of  the  transverse  effect  in  gold,  using  a  strip  of  that  metal  hav- 
ing two  narrow  longitudinal  slits  lying  on  the  same  straight 
line  and  nearly  meeting  in  the  center  of  the  strip. 

I  shall  not  undertake  here  an  extended  discussion  of  this 
interesting  experiment  of  Mr.  Bidwell.  My  view  of  the  mat- 
ter is  in  substance  as  follows : 
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Let  I  in  fig.  8  represent  an  equipotential  line  in  a  strip  of 
metal  through  which  an  electric  current  is  flowing,  the  metal 
being  in  a  normal  condition. 

In  fig.  4,  I  represents  the  corresponding  equipotential  line 
when  the  metal  strip  is  acted  upon  by  a  powerful  magnetic 
force  in  a  direction  perpendicular  to  the  plane  of  the  paper. 

If  now  a  and  b  be  connected  by  means  of  a  wire,  a  current 
will  flow  from  a  to  6  through  the  wire.  If  a'  and  b'  be  con- 
nected in  the  same  way,  a  weaker  current  will  flow  from  a'  to  b' 
through  the  wire. 


- 

/                       ^ 

4. 
a 

-      1      - 

i 
6. 

—► 

I                      -* 

-* 

t                      -*. 

^^  - 


-^     =: 
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Fig.  6  represents  a  metal  strip  having  along  its  middle  a  slit 
longer  than  the  diameter  of  the  magnetic  poles  between  which 
the  slit  is  placed,  I  and  I  being  corresponding  equipotential 
lines  when  the  strip  is  in  its  normal  unstressed  condition. 

Let  a  magnetic  force  act  as  before.  Each  of  the  lines  /,  I  in 
fig.  5  is  rotated  about  its  center  through  the  same  angle  as  I  in 
figs.  3  and  4.     The  result  is  shown  in  fig.  6. 

If  now  a  and  b  be  connected  by  means  of  a  wire  a  current 
will  flow  from  a  to  6  through  the  wire.  If  a'  and  V  be  con- 
nected in  same  way  a  current  will  flow  from  V  to  a'  through 
the  wire. 

To  get  Mr.  Bidwell's  case,  imagine  a  narrow  bridge  of  metal 
to  be  left  crossing  the  slit  between  a'  and  V.  Such  a  bridge 
would  serve  as  a  shunt  to  the  wire  which  we  have  imagined 
connecting  a'  and  V  but  would  not  reverse  the  relative  poten- 
tials of  these  two  points.  The  lines  /,  /,  as  Sir  Wm.  Thomson 
pointed  out  at  the  Philadelphia  meeting,  would  now  take  a 
torm  something  like  that  shown  in  fig.  7. 

As  the  bridge  across  the  slit  becomes  wider  such  lines  as  / 
will  become  more  nearly  straight  till  finally  the  condition  of 
things  represented  in  fig.  4  will  be  practically  reproduced.  On 
the  other  hand  if  the  slit  in  fig.  6,  were  short  compared  with 
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the  width  of  the  poles  of  the  magnet,  a  reversal  such  as  Mr. 
Bidwell  detected  should  not  occur. 

Mb.  Tomlinbon's  Suggestion. 

In  the  Philosophical  Magazine  for  May,  1884,  Mr.  Tomlinson 
stated  that  certain  relations  which  he  had  discovered  indicated 
that  the  rotational  effect  in  nickel  should  be  greater  at  low 
than  at  high  temperatures.  He  therefore  called  in  question  the 
conclusion  to  the  contrary  which  I  had  drawn  from  certain 
hasty  and  very  rough  experiments  made  before  the  use  of  the 
water  tank  gave  me  the  means' of  easily  controlling  the  temper- 
ature of  the  metal  under  examination.  I  have,  therefore, 
recently  taken  up  the  matter  again.  I  used  the  same  piece  of 
nickel  with  which  the  former  test  was  made  (Phil.  Mag.,  Sept., 
1881,  p.  168),  but  the  strip  was  now  so  much  damaged  while 
being  fastened  upon  glass  that  it  was  necessary  to  cut  its  width 
down  a  good  deal  in  order  to  obtain  the  "arms"  for  the  side 
connections.     The  following  table  shows  the  results  obtained. 


No.  of  ezp. 

Date. 

Temp. 

M. 

0. 

R.P. 

1 

July  28,  '84. 

,  22* 

171*7 

•03074 

14940X10-** 

2 

C( 

4-9° 

1703 

•03136 

13760   « 

8 

"   29, 

20-6° 

1652 

•03140 

14710   <* 

4 

«   30, 

2-2« 

1636 

•03123 

12810   « 

5 

((     <4 

21-2° 

1629 

•03121 

15060   *' 

6 

Aug.  1, 

2-8^ 

1671 

•03137 

13180   •' 

7 

"   4, 

26-r 

1691 

•03140 

16110   " 

8 

(C     u 

4-1° 

1627 

•03112 

13220   " 

Combining  the  1st,  8d,  5th  and  7th,  we  have 
Temp.  R.P. 

22^6°  14960X10-" 

From  the  2d,  4th,  6th  and  8th  we  have 

3-6 «»  13240X10-" 

Decrease  for  1^  fall  of  temperature  =  approximately  .6  per 
cent 

It  will  be  noticed  that  the  results  obtained  at  low  tempera- 
tures do  not  accord  so  well  as  those  at  high  temperatures. 
This  fact  is  in  all  probability  due  to  the  difficulty  experienced 
in  preventing  slight  fluctuations  of  temperature  while  the  colder 
water  was  flowing  through  the  tank.  Irregularity  in  the  flow 
of  this  water  causes  disturbing  thermo-electric  currents. 

The  quantity  called  'R  P.  in  this  paper  corresponds  to  the 
E' 

~  of  my  1881  paper  divided  by  the  F  of  that  paper.     Calcula- 
ting the  R  P.  of  nickel  from  the  188  experiments  I  find  it  to 
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be  about  12700xl0-**,  for  a  field  of  intensity  1660.  In  looking 
about  for  an  explanation  of  this  disagreement  I  found  that  the 
thickness  of  the  strip  had  been  called  '00104  cm.  in  1881,  and 
•0012  cm.  in  the  later  experiments.  The  former  estimate  was 
obtained  by  weight,  the  latter  by  measurement  with  calipers. 
The  difference  accounts  well  enough  for  the  different  values 
obtained  for  the  R.  P.  Which  estimate  of  the  thickness  is  the 
more  reliable  I  will  not  undertake  to  decide. 

Summary. 

10»xR.P.  at20*a 

Copper —620 

Zinc 4-820 

Four  alloys  of  copper  and  zinc  were  tested.  If  a  series  be 
made  beginning  with  zinc  and  ending  with  copper,  the  four 
alloys  being  ranged  between  according  to  composition,  the 
aeries  thus  mrmeu  will  be  the  same  as  that  obtained  by  ranging 
these  metals  and  alloys  according  to  the  algebraic  magnitude 
of  their  R  P's.  In  the  alloys,  however,  the  R.  P*s,  are  alge- 
braically somewhat  nearer  that  of  copper  than  might  be  ex- 
pected from  the  composition. 

Iron   4-7860 

R  P.  nearly  constant  through  wide  range  of  magnetic  inten- 
sity but  apparently  decreasing  slightly  at  nigh  intensities. 
No  ascertained  permanent  effect. 

Steel,  «(y^ 4-12060 

Permanent  effect  about  5  per  cent  of  temporary  effect. 

Steel,  tempered, 4-33000 

Permanent  effect  about  li  per  cent  of  temporary  effect. 

Qold  (no  new  test  of  magnitude  of  R.  P.)  _.   —660 

No  ascertained  permanent  effect. 

Cobalt 4-2460 

Nickel -14740 

Bismuth    —8680000 

Antimony 4-114000 

A  fall  of  1^  C.  in  temperature  causes 

in  the  R.P.  of  Iron,  a  fall  of  f  per  cent  approx. 

Steel,  soft,  "        \           " 

Steel,  tempM,  "        \            " 

Cobalt,  "        1            " 

Nickel,  "        J            " 

Non-magnetic  metals,  apparently  a  small 
increase. 


Am.  Jottb.  Sol— Third  Ssbdbs,  Yol.  XXtX,  No.  170.— Feb.,  1886. 
9 


Digitized  by 


Google 


134    E,  H,  RaU — Rotaiion  of  EquipoterUial  Zinea,  etc. 

App£2n>ix. 

At  the  Philadelphia  meeting  of  the  American  Association  I 
stated  that  I  had  compared  the  behavior  of  a  strip  of  soft  steel 
cemented  to  a  plate  of  glass  with  that  of  a  similar  strip  fastened 
to  a  plate  by  means  of  a  clamp.  In  preparing  the  matter  for 
publication,  however,  I  found  that  the  test  had  not  been  made 
so  carefully  as  was  desirable,  and  I  have  therefore  just  repeated 
the  experiment  with  the  assistance  of  Mr.  W.  A.  Stone,  of  the 
Harvard  class  of  1886. 

I  shall  call  the  cemented  strip  A.  It  has  been  already  men- 
tioned as  No.  1  in  the  preceding  article.  The  clamped  strip  I 
shall  call  B.  Both  strips  were  cut  from  the  same  sheet  of  soft 
steel.  Each  is  about  I'l^  wide  and  3-2*^  long  between  the 
terminals  of  brass.  A  is  about  '011^  thick  and  possibly  a  few 
per  cent  thicker  than  B.  A  suffered  rather  more  than  B  in 
the  process  of  adjustment  (fig.  1). 

A  was  not  only  fastened  to  its  plate  with  the  cement  of  bees* 
wax  and  resin,  but  was  imbedded  in  the  cement,  the  latter 
covering  it  with  a  layer  probably  a  millimeter  or  more  in 
thickness.  The  plate  was  not  placed  in  water  for  this  test. 
The  bearing  of  the  clamp  which  fastened  B  to  its  plate  was 
of  wood,  possibly  a  millimeter  wide,  and  extended  nearly- from 
arm  to  arm  of  the  strip.  To  prevent  any  very  great  bending 
each  end  of  the  strip  was  loosely  tied  to  the  plate  with  a  piece 
of  twine.  Otherwise  the  strip  was  free  and  was  exposed  to  the 
air. 

The  measurements  recorded  below  were  made  between  five 
and  six  o'clock,  January  I7th.  There  was  an  interval  of  one 
minute  between  successive  readings  of  the  Thomson  galvano- 
meter. No  measurement  of  the  intensity  of  the  magnetic  field 
was  made.  It  is  assumed  that  this  intensity  during  the  one 
trial  of  A,  which  was  made  between  the  two  trials  of  B,  was 
equal  to  the  mean  intensity  during  these  two  trials. 

The  signs  +  and  —  refer  to  the  direction  of  magnetization, 
E  and  L  to  direction  from  the  zero  point  of  the  Thomson  gal- 
vanometer scale.  The  zero  position  of  the  index  in  these 
experiments  was  a  considerable  distance  to  the  right  of  the 
zero  of  the  scale.  The  tangent  galvanometer  measured  the 
direct  current  through  the  strip< 

Thomson  Galv.  Tangent  Galv. 

+  -  73-9 

63  R  73-7 

Strip  B.  52  "         "v.  78-7 

61"      _^^  m 

52     -      1-5  =  50-5  73-8,  tan.  =  3-44 
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74-9^ 
74-8 
48  R  J  74-7 

StripA.  JJ,.         6-6*'  ]\l 

43     +     7^  =  60-2  74%  tan.  =  3-66 

73-7^ 
73-6 

c,  .     ^    630  «         ; "  ^  73-4 

^^"P  ^-  62-5  «         ^^  73-3 


63-3      -      7-2  =  46-1  73-6,  Ian.  =  3*38 

Fronn  Sid  we  have 

A.         60-2 -i- 3-66  =  13-7 

From  Ist  and  3d, 

50-6+46-1  3-44+3-38 

B. 1—    ^    -- i^-    =    14-2 

Of  coarse  absolute  agreement  in  so  rough  a  test  was  not  to 
be  expected.  The  difference  of  about  3  per  cent  here  observed 
might  easily  be  accounted  for.  I  think  Mr.  Bidwell  will 
admit  that  his  theory  would  have  predicted  a  different  result 
of  the  comparison. 

Cambridge,  January  19,  1885. 


Art.  XX. — On  the  use  of  the  term  Esker  or  Kdm  Drift;  by 
J.  Henry  Kinahan. 

From  the  papers  read  at  the  British  Association  Meeting  at 
Montreal  it  is  evident  that  the  American  geologists  classify, 
under  the  names  of  Eskers  and  Kams,  gravels  that  are  not  so 
classified  in  Ireland. 

These  two  words  are  Celtic.  CSm,  KSm  or  KSme,  should  be 
pronounced  short  Kame,  the  lowland  Scotch  and  English  pro- 
nunciation, is  incorrect  Curiously  the  English  river  CSm  is 
pronounced  right;  while  the  town  on  it,  usually,  although  not 
always,  is  pronounced  wrong,  Cambridge. 

Cam  or  J^im  means  crooked  or  winding.  In  Ireland  and  Eng- 
land this  name  is  generally  used  in  reference  to  a  winding 
river ;  but  in  the  former  it  is  also  sometimes  used  in  reference 
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to  winding  ridges,  or  a  winding  or  wrinkled  structure;  thus 
ophiolyte  is  called  serpentine  in  English  on  account  of  its 
structure  but  in  Irelana  it  is  "Camstone."  This  latter  name 
for  serpentine  is  now  nearly  obsolete,  except  in  parts  of  Ulster, 
where  an  impure  stentjte  with  a  wrinkled  structure  is  still 
called  Camstone, 

Eiscir^  pronounced  Esker,  is  a  well  .deBned  but  small  ridge. 
A  nearly  continuous  ridge  of  gravel — KSms — extends  from 
Dublin  to  Galway,  dividing  Ireland  into  two  nearly  equal  por- 
tions. This  ridge,  when  Ireland,  in  the  early  historic  period, 
was  divided  into  two  kingdoms,  was  taken  as  the  divisional 
line  ;  and  hence  the  term  Esker  has  generally  been  used  in  that 
country  in  place  of  Kam,  to  designate  the  winding  or  crooked 
ridges  of  gravels,  which  in  Scotland  still  retain  commonly  the 
more  correct  name  of  Kam.  Although  in  America  the  pronun- 
ciation Kam  seems  some  way  to  have  become  general,  yet,  as 
far  as  my  experience  in  Scotland  goes,  the  word  is  generally 
pronounced  KSm. 

True  Esker  or  Om  drift  comprises  more  or  less  winding  or 
crooked  ridges  and  irregular  hills  of  sands  and  gravels,  due  to 
the  current  and  eddies  generated  by  the  meeting  or  colliding  of 
two  or  more  currents  in  a  mass  of  water,  such  as  that  of  a  sea 
or  large  lake.  Wind-driftage  may  also  aid  in  forming  esker 
sands,  as  for  instance  the  long  irregular  ridges  and  hills  consti- 
tuting in  many  places  the  dividing  ridge  between  a  lagoon  and 
a  sea,  where  there  is  a  rise  and  fallof  tide :  that  is,  a  colliding  of 
two  or  more  currents ; — in  a  tideless  sea  the  enclosing  materials 
of  the  lagoons  are  of  a  quite  diflferent  nature  from  Esker  or  KSm 
drift.  In  the  dividing  bars  between  a  tidal  sea  and  a  lagoon 
the  combination  of  the  water  and  wind  drifts  are  very  interest- 
ing; high  tides  accumulating  layers  of  gravel  (fine  or  coarse) 
to  be  covered  up  by  layers  of  fine  sand  due  to  the  wind  driftage. 

The  normal  esker  drift-ridges  that  are  solely  due  to  the  collid- 
ing of  currents  in  a  mass  of  water,  or  those  combined  with  wind- 
driftage,  have  a  peculiar  character  of  their  own  and  should  not 
be  again  confounded,  as  they  were  formerly,  with  other  gravel 
and  sand  hills,  such  as  the  subaerial  gravels  on  hill  slopes,  due 
probably  to  the  water  given  ofi^  from  a  n^v^  or  mass  of  ice  on  a 
hill,  during  the  summer  ;  orthe  long  regular  ridges  in  valleys, 
due  to  excessive  or  sudden  floods. 

There  are,  both  in  the  United  States  and  the  adjoining  Cana- 
dian prairies,  ridges  of  drift  somewhat  like  the  Irish  Eskers,  but 
at  the  same  time  totally  different  from  them.  What  they  are  due 
to  would  be  presumptuous  in  me  to  say,  but  they  seem  to  be 
adjuncts  of  tne  great  glacial  moraines,  because,  as  far  as  I  was 
able  to  study  them,  they  appear  to  be  in  connection  with  the 
breasts  or  marginal  faces  of  such  accumulations ;  as  if  for  some 
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reason,  to  me  unknown,  there  were  at  tiroes  "ftashes,"  or  areas 
of  shallow  water,  accumalated  margining  the  faces,  portions  of 
which  were  still  water,  while  in  other  portions  there  were  cur- 
rente  ;  or  it  might  have  been  a  mass  of  snow  margining  a  narrow 
flash  of  flowing  water.  This  latter  suggestion  is  put  forward 
on  account  of  what  can  be  seen,  but  on  a  very  small  scale,  in 
some  of  the  Irish  mountains,  but  more  largely  in  some  of  the 
valleys  of  the  Canadian  Bockies.  If  such  is  their  origin  they  may 
be  considered  in  part  allied  to  true  eskers. 

The  above  notes  are  written  because  it  appears  that  American 
observers  are  unwittingly  confounding  the  true Esker  drift  with 
the  others  which  are  more  or  less  similar;  and  as  the  writer 
was  the  first,  or  one  of  the  first,  who  pointed  out  the  very 
different,  but  in  some   cases,  rather  similar  drifts,  that  were 

gradually  being  included  under  the  terms,  As  or  Osar,  Esker, 
Cam,  Eiim,  Kaim,  Kame,  all  of  which  are  names  for  the  one 
and  the  same  class  of  drift,  he  may  perhaps  be  excused  for 
drawing  attention  to  the  subject. 

Esker  or  K£m  drift  par  excellence  occurs  in  narrow,  well  de- 
fined, winding  ridges,  on  a  more  or  less  level  tract  or  area,  and 
in  such  an  area  they  are  all  on  or  at  about  one  altitude, 
such  as  we  might  expect  to  find  near  the  margin  of  a  sea  or 
large  lake ;  while  ridges  of  gravel  running  down  a  steep  slope 
or  the  slope  of  a  valley  must  necessarily  have  quite  different 
origina  ITp  in  valleys  near  their  terminations,  or  in  tributary 
valleys,  there  are  other  ridges  that  are  very  nearly  allied  to 
Eskers,  they  having  origmally  been  the  marginal  barriers  of  a 
lagoon ;  but  if  you  take  the  outward  appearance  of  true  Eskers, 
combined  with  their  peculiar  internal  structure,  there  is  nearly 
invariably  a  marked  difference  between  them  and  any  other 
gravel  accumulations.  The  writer  of  this  has  very  fully  gone 
into  the  subject  of  the  Irish  Eskers  in  a  paper  on  ^^  The  Eskers 
of  the  Central  Plain  of  Ireland,"  Dublin  Geol.  Soc,  vol.  x,  or 
the  Dublin  Quarterly  Journal  of  Science,  vol.  iv,  and  in  the 
Oeology  of  Ireland,  Uhap.  xv,  page  251,  etc. 

Bamelton,  Co.  Donegal,  Dee.  10,  1884: 
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Art.  XXL — Ofi  the  Cause  of  Mild  Polar  Climates;  by 
James  Croll,  LL.D.,  F.R.S. 

[Continued  from  page  29.] 

Infl^iences  of  Eccentricity  during  the  Tertiary  Period — This  be- 
ing the  state  of  things  on  the  southern  hemisphere,  the  glacial 
condition  of  the  hemisphere,  when  its  winter  solstice  was  in 
aphelion,  would  tend  in  a  powerful  manner  to  impel  the  warm 
water  of  the  south  over  on  the  northern  hemisphere,  and  thus 
raise  its  temperature.  This,  again,  is  a  view  which  has  also 
been  urged  by  Mr.  Wallace.  "Though  high  eccentricity 
would,"  he  remarks,  "not  directly  modify  the  mild  climates 
produced  by  the  state  of  the  northern  hemisphere  which  pre- 
vailed during  Cretaceous,  Eocene,  and  Miocene  times,*  it 
might  indirectly  affect  it  by  increasing  the  mass  of  antarctic 
ice,  and  thus  increasing  the  force  of  the  trade-winds  and  the 

resulting  northward-flowing  warm  currents And  as  we 

have  seen  that  during  the  last  three  million  years  the  eccen- 
tricity has  been  almost  always  much  higher  than  it  is  now,  we 
should  expect  that  the  quantity  of  ice  in  the  southern  hemi- 
sphere will  usually  have  oeen  greater,  and  will  thus  have  ten- 
ded to  increase  the  force  of  those  oceanic  currents  which  pro- 
duce the  mild  climates  of  the  northern  hemisphere  "  (p.  192). 

There  is  little  doubt  but  that  the  climate  of  the  Tertiary 
period  was  greatly  affected  by  eccentricity  ;  but,  owing  to  the 
difference  in  the  geographical  conditions  of  the  two  hemi- 
spheres, eccentricity  would  exercise  a  much  greater  influence 
on  the  climatic  condition  of  the  northern  hemisphere  when 
the  northern  winter  solstice  was  in  perihelion  than  it  would  do 
when  it  was  in  aphelion.  Owing  to  the  difference  in  the  con- 
ditions of  the  two  hemispheres,  the  physical  agents  brought 
into  operation  by  a  high  state  of  eccentricity  would  act  more 
powerfully  in  impelling  the  equatorial  waters  toward  the  arc- 
tic regions  when  the  winter  solstice  was  in  perihelion  than  they 
would  do  in  impelling  the  waters  toward  the  antarctic  regions 
when  the  solstice  was  in  aphelion.  In  this  case  the  northern 
hemisphere  would  be  heated  to  a  greater  extent  when  its  winter 
solstice  was  in  perihelion  than  it  would  be  cooled  when  the 
solstice  was  in  aphelion.  It  is  this  circumstance  which,  I 
think,  has  misled  geologists,  and  induced  them  to  conclude 
that  because  the  physical  agents  brought  into  operation  when 
the  winter  solstice  was  in  aphelion,  during  a  hi^h  state  of  ec- 
centricity,  failed   to   produce  a  well-marked  glacial  epoch  in 

*  High  eccentricity  might  not  directly  modify  the  mild  climates,  but  certainly 
the  physical  agents  brought  into  operation  by  the  high  eccentricity  would  do  so. 
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Tertiary  times,  that  consequently  the  climatic  condition  of  that 
period  was  not  much  aflFected  by  eccentricity. 

It  would  seem  to  be  owing  to  that  peculiar  difference  between 
the  conditions  of  the  two  hemispheres  that,  even  during  high 
eccentricity,  the  physical  agents  in  operation  when  the  winter 
solstice  was  in  aphelion  were  unable  to  lower  the  temperature 
of  the  northern  hemisphere  to  the  extent  sufficient  to  cover  high 
temperate  and  arctic  regions  with  permanent  ice;  but  for  this 
very  same  reason  these  agents  would  be  enabled  to  raise  the 
temperature  to  an  extent  exceptionally  high  when  the  winter  sol- 
stice was  in  perihelion.  In  other  words,  this  very  combination 
of  circumstances,  which  so  much  modified  the  severity  of  what 
may  be  called  the  Tertiary  cold  periods,  intensified  to  an 
exceptionally  great  extent  the  warmth  and  equability  of  what 
may  be  called  the  Tertiary  warm  periods. 

Climate  of  the  Tertiary  Period^  in  so  far  as  affected  by  the  Eccen- 
triciiy, — If  the  foregoing  conclusions  are  correct,  the  following 
would  then  seem  to  be  the  probable  character  of  the  climate 
of  the  Tertiary  period,  in  so  far  as  that  climate  was  affected  by 
eccentricity.  As  is  truly  remarked  by  Mr.  Wallace,  the  eccen- 
tricity during  the  past  three  million  years  has  been  almost 
always  much  higher  than  it  is  now.  It  will  consequentlv  follow 
that  very  considerable  portions  of  the  Tertiary  age  would  consist 
of  alternate  comparatively  cold  and  exceedingly  warm  and 
equable  periods.  These  may  be  said  to  correspond  to  the  cold 
and  warm  periods  of  the  glacial  epoch;  but,  of  course,  they 
could  in  no  sense  be  called  glacial  and  interglacial  periods  ;  for 
the  cold  of  the  cold  periods  would  not  be  such  as  to  produce 
permanent  ice,  while  the  heat  and  equability  of  the  warm  peri- 
ods would  far  exceed  that  of  the  interglacial  periods. 

Evidenceof  such  Alternations  of  Climate. — That  such  oscillations 
occurred  during  the  Tertiary  period  seems  to  be  borne  out  by 
the  facts  of  geology  and  palaeontology.  Mr.  J.  Starkie  Gardner, 
a  geologist  who  has  had  great  experience  in  the  fossil  flora  of 
the  Tertiary  deposits,  says  that  such  alternating  warmer  and 
colder   conditions  is  supported  by  strong  negative  and  some 

?)sitive  evidence,  found  not  only  in  English  Eocene,  but  in  all 
ertiary  beds  throughout  the  world.  In  the  Lower  Bagshot 
of  Hampshire  have  been  found,  he  states,  feather-  and  fan-palms, 
Dryandraj  beech,  maple,  Azalea^  laurel,  elm,  acacia,  aroids, 
cantus,  ferns,  conifers,  StenocarpuSj  and  plants  of  the  pea  tribe, 
together  with  many  others.  The  question  which  presents  itself 
to  one's  mind,  he  remarks,  is,  how  is  it  possible  that  the  tropi- 
cal forms,  such  as  the  palms,  aroids,  cactus,  etc.,  could  have 
grown  alongside  of  the  apparently  temperate  forms,  such  as  the 
oak,  elm,  beech,  and  others?  Mr.  Gardiner's  explanation  is  as 
follows : — 
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*^  ABtroDomerB,  having  calculated  the  path  of  the  revolution  of 
the  earth  in  ages  past,  tell  us  that  in  recurring  periods  each  hemi- 
sphere, northern  and  southern,  has  been  successively  subject  to 
repeated  cyclical  changes  in  temperature.  There  have  been  for 
the  area  which  is  now  England  many  alternations  of  long  periods 
of  heat  and  cold.  Whenever  the  area  became  warmer,  the  descen- 
dants of  semitropical  forms  would  gradually  creep  farther  and  far- 
ther north,  whilst  the  descendants  of  cold-loving  plants  would 
retreat  from  the  advancing  temperature,  vice  versd.  Whenever 
the  area  became  gradually  colder,  the  heat-loving  plants  would, 
from  one  generation  to  another,  retreat  farther  and  farther  south, 
whilst  the  cold-loving  plants  would  return  to  the  area  from  which 
their  ancestors  had  been  driven  out.  In  each  case  there  would 
be  some  lingering  remnants  of  the  retreating  vegetation  (though 
perhaps  existing  with  diminished  vigor)  growing  alongside  of  the 
earliest  arrivals  of  the  incoming  vegetation. 

Such  is  a  possible  explanation  of  our  finding  these  plant-remains 
commingled  together.  It  must  be  borne  in  mind  that  it  is  not  so 
much  the  mean  temperature  of  a  whole  year  which  affects  the  pos- 
sibility of  plants  growing  in  any  locality,  as  the  fact  of  what  are 
the  extremes  of  summer  and  winter  temperature."  * 

This  is  precisely  the  explanation  given  by  the  commingling 
of  subtropical  and  arctic  floras  and  faunas  of  deposits  belonging 
to  the  Glacial  epoch.  The  causation  in  the  two  cases  was  in 
fact  the  same  in  principle,  differing  only  in  the  conditions  un- 
der which  it  operated.  In  the  case  of  the  Glacial  epoch  the 
cold  periods  were  intensely  severe  and  the  warm  periods  but 
moderately  hot ;  whereas  in  regard  to  the  Tertiary  cold  periods 
they  were  but  moderately  cool,  and  the  warm  periods  exceed- 
ingly hot. 

Mr.  Wallace,  who  refers  to  Mr.  Gardner's  views  approvingly, 
says : — *'  In  the  case  of  marine  faunas  it  is  more  difficult  to 
judge,  but  the  numerous  changes  in  the  fossil  remains  from  bed 
to  bed,  only  a  few  feet  and  sometimes  a  few  inches  apart,  may 
be  sometimes  due  to  change  of  climate ;  and  when  it  is  recog- 
nized that  such  changes  have  probably  occurred  at  all  geo- 
logical epochs,  and  their  effects  are  systematically  searched  for, 
many  peculiarities  in  the  distribution  of  organisms  through  the 
different  members  of  one  deposit  may  be  traced  to  this  cause."t 

To  prevent  having  thus  to  admit  the  existence  of  alternate 
warmer  and  colder  periods  during  Tertiary  times,  Mr.  Searles 
V.  Wood,  Jun.,  proposed  another  theory,  which,  stated  in  his 
own  words,  is  the  following: — 

^'  The  remains  upon  which  the  determination  of  this  flora  have 
been  based  are  drifted,  and  not  those  of  a  bed  in  situ  like  the  coal 
seams,  and  the  whole  of  the  Hampshire  Eocene  is  connected  with 

*  Qeological  Magazine,  1877,  p.  25.  f  Island  Life,  p.  197. 
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the  delta  of  a  great  river  which  persisted  throughout  the  aocnmula- 
tion  of  the  yarious  beds,  which  aggregate  to  upwards  of  2000  feet 
in  thickness.  This  river  evidently  flowed  from  the  west  through 
a  district  of  which  the  low  ground  had  a  tropical  climate ;  but  like 
some  tropical  rivers  of  the  present  day,  such  as  the  Brahmaputra, 
the  Megna,  the  Ganges,  etc.,  it  was  probably  fed  by  tributaries 
flowing  from  a  mountain-region  supporting  zones  of  vegetation  of 
all  kinds  from  the  tropical  to  the  Arctic,  if  during  the  Eocene 
period  vegetation  such  as  the  present  Arctic  had  come  into  eiris- 
tence,  of  which  we  have  as  yet  no  evidence.  Torrential  floods 
may  have  swept  the  remains  of  vegetation  from  the  temperate 
zones  of  this  region  into  tributaries  that  conveyed  it  into  the  main 
river  before  it  was  decayed  or  water-logged,  where  it  became 
intermingled  with  the  remains  of  vegetation  which  grew  in  the 
tropical  low  ground  skirting  the  main  stream,  so  that  both  sank 
together  into  the  same  mud  and  silt."* 

The  elevated  mountain  regions  from  which  he  supposes  these 
temparate  forms  were  derived  he  thinks  might  have  been  Mull, 
400  miles  N.N.  W.,  and  Wales  200  miles  N.W.  Mr.  Gardner, 
however,  showed  most  conclusively  that  Mr.  Wood's  theory 
was  based  on  imperfect  acquaintance  with  the  conditions  of  the 
problem.     The  following  is  Mr.  Gardner's  reply  : — 

^'The  leaves  have  never  been  drifted  from  afar;  they  are  often 
still  adhering  to  the  twigs.  The  leaves  are  flat  and  perfect,  rarely 
even  rolled  and  crumpled,  as  dry  leaves  mav  be,  if  falling  on  a 
muddy  surface ;  still  more  rarely  have  they  fallen  edgeways  and 
been  imbedded  vertically^.  They  are,  moreover,  not  variously 
mixed,  as  thev  should  be  if  they  had  been  carried  for  any  distance, 
but  are  found  in  local  groups  of  species.  For  example,  all  the  leaves 
of  Castanea  have  been  found  in  one  clay  patch,  with  Iriartea  and 
Oletchenia ;  none  of  these  have  been  found  elsewhere.  A  trilobed 
leaf  is  peculiar  to  Studland ;  the  Alum  Bay  Aralia,  the  peculiar 
form  of  ProtecLceoe^  the  great  Ficua^  and  other  leaves  occur  at  Alum 
Bay  only.  Each  little  patch  at  Bournemouth  is  characterized  by 
its  own  peculiar  leaves.  Such  a  distribution  can  result  only  from 
the  proximity  of  the  trees  from  which  the  leaves  have  fallen.  The 
forms  of  most  temperate  asepct  are  best  preserved,  so  that  to  be 
logically  applied,  the  Drift  theory  requires  the  palms,  etc.,  to  have 
been  drifted  upwards.  To  suppose  that  most  delicate  leaves 
could  have  been  brought  by  torrents  400  miles  from  Mull  or  200 
miles  from  Wales,  and  spread  out  horizontally  in  thousands,  with- 
out crease  or  crumple,  on  the  coast  of  Hampshire,  may  be  a  feasi- 
ble theory  to  Mr.  Searles  V.  Wood,  Jr.,  but  will  not  recommend 
itself  to  the  majority  of  thinkers."  f 

Were  there  Olacial  Epochs  during  the  Tertiary  Age  f — Many 
geologists,  especially   amongst  those  who  are  opposed  to  the 

*  Geological  Magazine,  1877,  p.  96.     f  Geological  Magazine,  1877,  p.  138. 
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theory  of  recurring  glacial  epochs,  answer  this  question  em- 
phatically in  the  negativa  Tnis  belief  as  to  the  non-existence 
of  glacial  conditions  during  the  Tertiary  period  is,  of  course, 
based  wholly  on  negative  evidence ;  and  this  negative  evidence 
though  strong  is  by  no  means  perfectly  conclusive,  and  cer- 
tainly not  worthy  of  the  weight  which  has  been  placed  upon  it. 
In  Chap,  xvii  of  *  Climate  and  Time,*  I  have  endeavored  to 
show  that  although  much  has  been  written  on  the  imperfection 
of  geological  records,  yet  the  imperfection  of  those  records  in 
regard  to  the  past  glacial  epochs  has  not  received  the  attention 
which  it  really  deservea 

It  must  be  borne  in  mind,  however,  that  it  does  not  follow 
from  the  Physical  Theory  of  Secular  changes  of  Climate,  that 
because  the  eccentricity  may  have  been  high  at  some  particu- 
lar period  there  must  necessarily  have  been  a  glacial  epoch. 
The  erroneous  nature  of  this  misapprehension  of  the  theory 
has  already  been  shown  at  considerable  length.*  Eccentricity 
can  produce  glaciation  only  through  means  of  physical  agencies, 
and  for  the  operation  of  these  agencies,  a  certain  geographical 
condition  of  things  is  absolutely  necessary.  We  know  with 
certainty  that  during  the  Tertiary  period  the  eccentricity  was 
at  times  exception allj^  high,  as,  for  example,  2,500,000  and 
850,000  years  ago ;  but  whether  a  glacial  epoch  occurred  at  these 
periods  depended,  of  course,  upon  whether  or  not  necessary  geo- 
graphical conditions  then  obtained.  Supposing  the  necessary 
geographical  conditions  for  glaciation  did  exist  at  the  two  peri- 
ods in  question,  still  if  these  conditions  diflFered  very  much 
from  those  which  now  obtain,  the  glacial  state  of  things  then 
produced  would  certainly  differ  from  that  of  the  last  glacial 
epoch.  This  is  obvious,  for  the  same  physical  agencies  acting 
under  very  different  conditions  would  not  produce  the  same 
effects.  Under  almost  any  geographical  condition  of  things 
eccentricitv  would  produce  marked  effects,  but  the  effects  pro- 
duced might  not  amount  to  glaciation.  In  the  Tertiary  age^  dur- 
ing high  eccentricity,  the  effects  resulting  might  possibly  have 
been  as  well  marked  as  they  were  during  the  Glacial  epoch  ;  but 
these  effects  must  have  differed  very  much  from  those  prodiuced 
at  that  epoch.  We  have  seen  that,  owing  to  that  peculiar  geo- 
graphical condition  of  things  existing  during  the  Tertiary 
period,  the  physical  agents  brought  into  operation  by  a  high 
state  of  eccentricity  would  have  a  much  greater  influence  in 
rawtw^  the  temperature  of  the  northern  hemisphere,  when  the 
winters  occurred  in  perihelion,  than  they  would  have  in  lower- 
%7ig  the  temperature  of  that  hemisphere  when  the  winters  were 
in  aphelion.  At  the  periods  2,500,000  and  850,000  years  ago, 
for  example,  those  physical  agents  would  no  doubt  produce 

*  Phil.  Mag.,  February,  1884;  AmericaD  Journal  of  Science,  February,  1884. 
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qaite  a  tropical  conditioD  of  climate  in  high  northerD  latitudes 
when  the  winters  were  in  perihelion,  while  it  is  quite  probable 
they  may  not  have  been  able  to  produce  glaciation  when  the 
winters  were  in  aphelion.  It  is  more  than  likely  that  the  tropi- 
cal nature  of  the  climate  during  portions  of  the  Tertiary 
period  was  due  not  so  much  to  that  peculiar  distribution  of 
land  and  water  existing  then,  as  it  was  to  the  fact  that  this  pecu- 
liar distribution  enabled  the  physical  agents  in  operation  during 
a  high  state  of  eccentricity  to  impel  a  vastly  greater  amount 
of  warm  intertropical  water  into  the  temperate  and  Arctic  seas 
than  they  could  have  done  under  the  present  geographical  con- 
dition of  things. 

Those  very  same  geographical  conditions  enabling  the  physi- 
cal agents  to  raise  the  temperature  exceptionally  high  during 
the  warm  periods  would,  on  the  other  hand,  prevent  them  from 
being  able  to  lower  the  temperature  exceptionally  low  during 
the  alternate  cold  periods.  Nevertheless,  I  think  it  probable 
that  as  the  two  periods  referred  to,  when  the  eccentricity  was 
much  greater  than  it  was  during  the  Glacial  epoch,  the  tempera- 
ture would  be  lowered  to  an  extent  that  would  produce  glacia- 
tion, although  the  glaciation  might  not  perhaps  approach  in 
severity  to  anything  like  that  of  the  Glacial  epoch.  The  nega- 
tive evidence  which  has  been  adduced  against  the  existence  of 
such  glacial  conditions  during  the  Tertiary  period  is  certainly 
far  from  being  conclusive. 

The  opinion  is  concurred  in  by  Mr.  Wallace  that  the  Table 
of  Eccentricity  for  the  past  three  million  years,  given  in  *  Climate 
and  Time/  probably  includes  the  greater  part,  if  not  the  whole, 
of  the  Tertiary  period.  He  states  that  during  the  2,400,000 
years  preceding  the  last  glacial  epoch  there  were,  according 
to  the  table,  no  fewer  than  sixteen  separate  epochs  when  the 
eccentricity  reached  or  exceeded  twice  its  present  amount. 
But  it  does  not  follow,  according  to  the  Physical  Theory,  that 
there  ought,  on  that  account,  to  have  been  sixteen  epoclis  of 
more  or  less  glaciation.  Whether  such  ought  to  have  been 
the  case  or  not  would  depend  on  whether  or  not  the  geograph- 
ical conditions  were  the  same  during  these  epochs  as  tiiey 
were  at  the  Glacial  epoch  ;  a  thing  regarding  which  the  theory 
is  not  responsible.  The  question  is  not  were  there  f*ixteen 
glacial  epochs  during  the  Tertiary  period,  but  were  there  any  ? 
Even  granted  that  those  channels  assumed  by  Mr.  Wallace 
did  exist,  they  would  not,  I  feel  assured,  wholly  prevent 
glaciation  taking  place  at  the  two  periods  to  which  reference 
has  been  made,  although  the  glaciation  might  not  be  severe. 

In  support  of  the  opinion  that  there  is  no  evidence  of 
glaciation  during  the  Tertiary  period,  Mr.  Wallace  quotes  tiie 
views  of  Mr.  Searles  V.  Wood,  Jr.,  on  the  subject.    Mr.  Wood 
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states  that  the  Eocene  formation  is  complete  in  England,  and 
is  exposed  in  continuous  section  along  the  north  coast  of  the 
Isle  of  Wight  and  along  the  northern  coast  of  Kent  from  its 
base  to  the  Lower  Bagshot  Sand.  It  has,  he  says,  been  inter- 
sected by  cuttings  in  all  directions  and 'at  afl  horizons,  but 
has  not  yielded  a  trace  of  any  thing  indicating  a  cold  and 
glacial  condition  of  things.  The  same,  he  adds,  holds  true  of 
the  strata  in  France  and  Belgium.  Further,  "  the  Oligocene 
of  Northern  Germany  and  Belgium,  and  the  Miocene  of  those 
countries  and  of  France,  have  also  afforded  a  rich  molluscan 
fauna,  which,  like  that  of  the  Eocene,  has  as  yet  presented  no 
indication  of  the  intrusion  of  any  thing  to  interfere  with  its 
uniformly  subtropical  character." 

In  reply  to  all  this  it  may  be  stated  that  the  simple  absence 
of  any  trace  of  glaciation  in  the  Tertiary  deposits  of  the  South 
of  England  certainly  cannot  be  regarded  as  conclusive 
against  the  existence  of  an  epoch  of  glaciation  during  that 
period.  Not  many  years  a^o  geologists  denied  that  there 
was  any  evidence  to  be  found  of  glaciation  in  the  South  of 
England,  and  at  the  present  time  there  are  hundreds  of  geol- 
ogists who  will  not  admit  that  that  part  was  ever  overridden 
by  land-ice.  If  it  is  so  difficult  to  find  in  that  quarter 
evidence  of  the  last  glacial  epoch,  severe  as  that  glacial  epoch 
was,  we  need  not  wonder  that  no  trace  of  glaciation  so  remote 
as  that  of  the  Eocene  period  is  now  to  be  seen.  Besides  all 
this,  there  is  in  the  South  of  England  the  land-surface  on 
which  the  glaciation,  if  any,  took  place,  whereas  not  a  vestige 
of  the  old  land-surfaces  of  the  Eocene  period  now  remains.  It 
therefore  seems  to  me  that  the  mere  fact  of  nothing  as  yet 
having  been  found  in  the  Tertiary  deposits  of  the  South  of 
England,  indicating  one  or  more  cold  periods,  is  no  proof  that 
there  may  not  possibly  have  been  such  periods,  and  even  of 
considerable  severity.  The  same  remarks  hold  equally  true 
in  regard  to  the  deposits  on  the  continent  referred  to  by  Mr. 
Wood. 

It  will  be  urged  in  reply  that  there  is  one  kind  of  evidence 
which  ought  to  be  found,  as  it  could  not  possiblv  have  been 
obliterated  by  the  destruction  of  the  Tertiary  land-surfaces. 
That  is  the  presence  of  erratic  blocks  and  foreign  rock-frag- 
ments imbedded  in  the  strata.  Mr.  Wallace  states  that  in  the 
many  thousand  feet  in  thickness  of  alternate  clays,  sands, 
marls,  shales,  and  limestones  no  irregular  blocks  of  foreign 
material  or  bowlders  characteristic  of  glacial  conditions  are  to 
be  found.  The  same,  he  says,  holds  equally  true  of  the  exten- 
sive Tertiary  deposits  of  temperate  North  America. 

If  it  be  really  the  case  that  the  Tertiary  beds  are  whoUv 
without  bowlders  or  fragments  of  foreign  material,  then  this 
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certainly  may  be  regarded  as  proof  that  no  real  glacial  epoch 
could  have  occurred  during  that  period.  But  has  it  been  satis- 
factorily ascertained  that  those  beds  are  wholly  devoid  of  such 
materials?  Those  beds,  I  presume,  have  been  searched  by 
geologists  for  their  fossil  contents  rather  than  for  stratigraph- 
ical  evidence  of  glacial  epochs.  It  is  remarkable  how  long 
the  evidence  of  glaciation  sometimes  remains  unobserved  when 
no  special  attention  is  devoted  to  the  matter.  As  examples 
of  this  we  know  with  certainty  that  the  Orkney  and  Shetland 
Islands  were  during  the  Glacial  epoch  overridden  by  land-ice  ; 
and  yet  geologists  who  had  oflen  visited  these  islands  declared 
that  they  bore  no  marks  of  glaciation.  So  recently  as  1875  the 
low  grounds  of  Northern  Germany  were  believed  to  be  without 
glacial  strisB ;  yet  when  German  geologists  began  to  turn  their 
attention  specially  to  the  subject,  they  found  not  only  evidence 
of  glaciation,  but  indisputable  proof  that  during  the  Glacial 
epoch  the  great  Scandinavian  ice-sbeet  had  advanced  over  the 
country  no  fewer  than  three  separate  times  down  to  the  lati- 
tude of  Berlin.  I  have  myself  seen  the  striated  summit  of*  a 
mountain  on  which  geologists  had  been  treading  for  years 
without  observing  the  ice-markings  under  their  feet.  The 
reasons  why  these  markings  so  long  escaped  detection  is  doubt- 
less due  to  the  fact  that  they  were  on  a  spot  which  no  geolo- 
gist supposed  that  land-ice  could  have  reached.  For  this  very 
same  reason  the  fact  remained  so  long  unobserved,  that  the 
low-lying  ground  of  Caithness  had  been  glaciated  by  land-ice 
from  Scandinavia,  filling  the  entire  Baltic  and  the  North  Sea. 
Many  similar  cases  might  be  adduced  where  the  marks  of  gla- 
ciation remained  long  unobserved,  either  because  no  special 
search  had  been  made  for  them  or  because  they  were  under 
conditions  in  which  they  were  not  expected  to  be  found.  It  is 
very  probable  that  when  the  Tertiary  deposits  are  carefully 
examined,  with  the  special  object  of  ascertaining  whether  or 
not  they  contain  evidence  of  glaciation,  geologists  may  be  led 
to  a  different  conclusion  regarding  the  supposed  uniformly 
warm  character  of  the  climate  of  that  period.  They  may  possi- 
bly find  that,  after  all,  the  Tertiary  beds  do  contain  bowlders 
and  foreign  material,  indicating  the  existence  of  glacial  condi- 
tions during  that  period. 

Ck>nsiderable  importance  has  been  attached  to  the  statement 
of  Professor  Nordenskjold  that  he  failed  to  observe  in  the 
stratified  deposits  of  Greenland  and  Spitzbergen  any  evidence 
whatever  of  former  glaciation  in  those  regions.  **  We  have 
never  seen,"  says  he,  ^^  in  Spitzbergen  nor  in  Greenland,  in  these 
sections  often  many  miles  in  length,  and  including  one  may 
say  all  formations  from  the  Silurian  to  the  Tertiary,  any  bowl* 
ders  even  as  large  as  a  child's  head.     There  is  not  the  smallest 
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probability  that  strata  of  any  considerable  extent,  containing 
bowlders,  are  to  be  found  in  the  polar  tracts  previous  to  the 
middle  of  the  Tertiary  period.  Both  an  examination  of  the 
geognostic  condition,  ana  an  investigation  of  the  fossil  flora 
and  fauna  of  the  polar  lands,  show  no  signs  of  a  glacial  era 
having  existed  in  those  parts  before  the  termination  of  the 
Miocene  period."*  That  Prol  Nordenskjold  may  not  have  seen 
in  those  strata  bowlders  larger  than  a  child's  head  may  be 
perfectly  true,  but  that  there  actuallv  are  none  is  a  thing  utterly 
incredible.  Still  more  incredible,  nowever,  is  the  conclusion 
which  he  draws  from  this  absence  of  bowlders,  viz :  that  from 
the  Silurian  down  to  the  termination  of  the  Miocene  period  no 
glacial  condition  of  things  existed  either  in  Greenland  or  in 
Spitzbergen.  Both  these  places  are  at  present  in  a  state  of 
glaciation,  and  were  it  not,  as  we  have  seen,  for  the  enormous 
quantity  of  heat  which  is  being  transferred  from  the  equatorial 
regions  by  the  Gulf-stream,  not  only  Greenland  and  Spitz- 
bergen, but  the  whole  of  the  Arctic  regions  would  be  far  more 
under  ice  than  they  are.  A  glacial  state  of  things  is  the  nor- 
mal condition  of  polar  regions,  and  if  at  any  time,  as  during  the 
Tertiary  age,  the  Arctic  regions  were  free  from  snow  and  ice, 
it  could  only  be  in  consequence  of  some  peculiar  distribution, 
of  land  and  water  and  other  exceptional  conditions  That 
this  peculiar  combination  of  circumstances  should  have  existed 
during  the  whole  of  that  immense  lapse  of  time  between  the 
Silurian  and  the  close  of  the  Tertiary  period  is  certainly  im- 
probable in  the  highest  degree,  in  short,  that  Greenland 
during  the  whole,  of  that  time  should  have  been  free  from 
snow  and  ice  is  as  improbable,  although  perhaps  not  so  phy- 
sically impossible,  as  that  the  interior  of  that  continent  should 
at  the  present  day  be  free  from  ice  and  covered  with  luxuriant 
vegetation.  Perhaps  the  same  skill  and  indomitable  perse- 
verance which  proved  the  one  conclusion  to  be  erroneous  may 
yet  one  day  prove  the  other  to  be  also  equally  erroneous. 

Professor  Nordenskjold  does  not  appear  to  believe  in  alterna- 
tions of  climate  even  in  temperate  regions,  for  he  says  **  from 
palseontological  science  no  support  can  be  obtained  for  the 
assumption  of  a  periodical  alternation  of  warm  and  cold 
climates  on  the  surface  of  the  earth." 

Evidence  of  Oladalixm  during  the  Tertiary  period, — Evidence 
of  glaciation  during  the  Miocene  period  is,  I  think,  afforded 
by  the  well-known  conglomerates  and  erratics  near  Turin,  first 
described  by  M.  Gastaldi.  Beds  of  Miocene  sandstone  and  con- 
glomerate, with  an  intercalated  deposit  containing  large  angular 
blocks  of  greenstone  and  limestone,  have  been  found.  Some 
of  these  blocks  are  of  immense  size.     Many  of  the  stones  in 

•  Geological  Magazine,  1876,  p.  631. 
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the  deposit  are  polished  and  striated  in  a  manner  similar  to 
those  found  in  the  Bowlder-clay  of  this  country.  It  has  been 
shown  by  Gastaldi  that  these  blocks  have  all  been  derived  from 
the  outer  ridge  of  the  Alps  on  the  Italian  side,  namely  from  the 
range  extending  from  Ivrea  to  the  Lago  Maggiore,  and,  conse- 
quently, they  must  have  traveled  from  twenty  to  eighty  miles. 
So  abundant  are  these  lar^e  blocks  that  extensive  quarries 
have  been  opened  in  the  hills  for  the  sake  of  procuring  them. 
The  stratification  of  the  beds  amongst  which  the  blocks  occur 
sufficiently  indicate  aqueous  action  and  the  former  presence  of 
the  sea.  That  glaciers  from  the  southern  Alps  actually 
reached  to  the  sea,  and  sent  adrift  their  icebergs  over  what  are 
now  the  sunny  plains  of  Northern  Italy,  is  proof  that  during 
that  cold  period  the  climate  must  have  been  very  severe.  One 
remarkable  circumstance,  indicating  not  only  the  glacial  condi- 
tion of  the  bed  in  which  the  blocks  occur,  but  also  that  this 
glaciation  was  the  result  of  eccentricity,  is  the  fact  that  the  bed 
is  wholly  destitute  of  organic  remains  while  they  are  found 
abundantly  both  in  the  underlying  and  overlying  beds. 

Evidence  of  glaciation  during  the  Eocene  period,  as  is  also 
well  known,  is  found  in  the  ^^flysch^^  of  Switzerland.  On  the 
north  side  of  the  Alps,  from  Switzerland  to  Vienna,  and  also 
near  Genoa,  there  is  a  sandstone  a  few  thousand  feet  in  thick- 
ness, containing  enormous  blocks  of  Oolitic  limestone  and 
granite.  Many  of  these  blocks  are  upwards  of  10  feet  in 
lengthy  and  one  at  Haelkeren,  near  the  Lake  of  Thun,  is  105 
feet  long,  90  feet  broad,  and  46  feet  in  thickness.  The  block 
is  of  a  granite  of  a  peculiar  kind  which  cannot  be  matched 
anywhere  in  the  Alps.  Similar  blocks  are  found  in  beds  of 
the  same  age  in  the  Appenines  and  in  the  Carpathians.  The 
glacial  origin  of  this  deposit  is  further  evinced  by  the  fact 
that  it  is  wholly  destitute  of  organic  remains.  One  circum- 
stance, which  indicates  that  this  glaciation  was  due  to  eccen- 
tricity, is  the  fact  that  the  strata  most  nearly  associated  with 
the  **yZy«cA  "  are  rich  in  Echinoderms  of  the  SpaUingus  family, 
which  have  a  decided  tropical  aspect.  This  is  what  we  ought, 
of  coarse,  a  priori^  to  expect  if  the  glaciation  was  the  result  of 
eccentricity,  for  the  more  severe  a  cold  period  of  a  glacial 
epoch  is,  the  warmer  will  be  the  periods  which  immediately 
precede  and  succeed. 

Some  writers  endeavor  to  account  for  those  glacial  phe- 
nomena, without  any  reference  to  the  influence  of  high 
eccentricity,  by  the  assumption  that  the  Alps  were  much 
more  elevated  during  the  Tertiary  period  than  they  are  at 
the  present  day.  If  we,  however,  adopt  this  explanation,  we 
shall  have  to  assume  that  the  Alps  were  suddenly  elevated  at 
the  time  when  the  bed  containing  the  erratics   began   to  be 
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deposited,  and  that  they  were  as  suddenly*  lowered  when  the 
disposition  of  the  bed  came  to  a  close — a  conclusion  certainly 
very  improbable.  Had  the  lowering  of  the  Alps  been  effected 
by  the  slow  processes  of  denudation,  it  must  have  taken  a 
long  course  of  ages  to  have  lowered  them  to  the  extent  of 
bringing  the  glacial  state  to  a  close.  In  this  case  there 
ought  to  be  a  succession  of  beds  indicating  the  long  continu- 
ance of  cold  conditions.  Instead  of  this,  however,  we  have  a 
glacial  bed  imraecliately  preceded  and  succeeded  by  beds 
indicating  an  almost  tropical  condition  of  climate.  When 
we  take  this  circumstance  into  consideration,  along  with  the 
evidence  adduced  by  Mr.  J.  S.  Gardner  as  to  the  alternations 
of  warmer  and  colder  conditions  in  the  South  of  England  and 
other  parts  of  Europe  during  the  Eocene  period,  the  convic- 
tion is  forced  upon  us  that  a  high  state  of  eccentricity  is  the 
most  rational  explanation  of  these  curious  phenomena. 

The  greater  elevation  of  the  Alps  would  undoubtedly  in- 
tensify the  glacial  condition  of  things,  but  it  would  not 
originate  it.  The  elevated  character  of  the  Alps,  for  example, 
was  no  doubt  the  reason  why  the  plains  of  Switzerland,  during 
the  last  glacial  epoch,  were  so  much  more  buried  under  ice 
than  other  parts  of  Southern  Europe  ;  but  their  elevation  was 
not  that  which  brought  about  the  glaciation,  for  those  plains 
were  free  from  ice  both  before  and  after  the  glacial  epoch, 
though  the  Alps  were  no  doubt  as  high  as  they  were  during 
the  ice-period. 

If  we  adopt  the  theory  that  these  glacial  conditions  were 
due  to  eccentricity,  then  we  have,  as  I  endeavored  to  show 
many  years  ago,^  a  clue  to  the  probable  absolute  date  of  the 
Middle-Eocene  and  the  Upper-Miocene  periods.  There  were, 
as  we  have  seen,  two  epochs  during  the  Tertiary  period  when 
the  eccentricity  was  exceptionally  high,  viz :  2,500,000  years 
ago  and  850,000,  years  ago.  The  former  might  probably  be 
the  date  of  the  '''jlyich  "  of  the  Eocene  formation,  and  the  latter 
the  date  of  the  period  when  the  Miocene  erratics  were  depos- 
ited in  the  icy  sea  near  Turin. 

Some  geologists  have  maintained  that  the  climatic  condi- 
tions of  the  Tertiary  period  are  utterly  hostile  to  the  Physical 
Theory  of  Secular  changes  of  Climata  The  very  reverse, 
however,  is  the  case ;  for,  as  we  have  seen,  several  of  the  facts 
of  Tertiary  climate  can  be  explained  on  no  other  principle  than 
that  of  the  theory. 

I  shall  next  consider  the  facts  bearing  on  Arctic  Intergla- 
cial  periods. 

*  Phil.  Mag.,  November,  1868  ;  *  Climate  and  Time,'  chap.  xzi. 
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Abt.  XXIT. — Notice  of  (he  remarkable  Marine  Fauna  occupying 
the  ouUr  hanks  off  the  Southern  Coast  of  New  England^  No.  11 ; 
by  A.  E.  Verrill.  Brief  Contributions  to  Zoology  from  the 
Museum  of  Yale  College,     No.  LVIL 

[Publiahed  by  permission  of  the  U.  S.  Oommissioner  of  Fish  and  Fisheries.] 

Work  of  the  Steamer  Albatross  in  1884. 

The  deep-sea  Anthozoa  obtained  last  season  were  numerous 
and  interesting,  but  there  were  among  them  only  a  few  entirely 
new  forms,  for  most  of  them  had  been  dredged  by  the  Alba- 
tross in  1883,  or  by  the  Blake  in  1880.  The  most  remarkable 
new  species,  of  which  one  imperfect  specimen  had  been  taken 
in  1888,  but  not  described,  represents  a  new  genus  of  Penna- 
tulidae.  I  have  named  this  Bentlioptillum  sertum.*  This,  which 
was  taken  in  991  to  1073  fathoms,  is  a  remarkable  exception 

*  BenthoptHlumj  geo.  nov.  Large,  rather  stout,  Pennatula-shaped  sea-pens, 
with  very  long  and  large  polyps,  arranged  in  several  large,  oblique,  lateral  dus- 
ters,  arising  crom  short,  swollen,  wing-like  elevations,  consisting  of  the  united 
bases  of  the  polyps  and  not  supported  by  spines  and  spicules.  The  polyps 
throughout  the  'greater  part  of  their  length  are  free,  without  calides,  and  desti- 
tute of  spicules.  The  tentades  are  very  loog  and  plumose,  without  spicules. 
The  zooids  are  minute,  very  abundant,  covering  the  ventral,  lateral  and  dorsal 
surfaces  of  the  rachis,  and  extending  in  rows  on  the  bases  of  the  polyps,  leaving 
only  a  narrow,  naked,  median,  ventral  band.  The  axis  extends  through  the 
whole  length  and  is  quadrangular,  with  concave  sides.  The  stalk  is  rather 
short,  with  a  terminal  bulb  and  a  slight  enlargemeut  near  the  upper  end.  The 
eggs  are  contamed  in  the  bases  of  the  polyps  within  the  lateral  pinnse. 

Beni/ioptillum  serturrij  sp.  nov.  The  pinuse  in  the  largest  spedmen  are  eight  on 
each  side  and  stand  nearly  opposite ;  those  along  the  middle  of  the  rachis  largest, 
the  others  diminishing  very  gradually  towards  the  stalk,  the  lowest  pair  l^ing 
but  slightly  developed,  very  little  prominent,  consisting  of  only  a  few  polyps 
which  are  united  only  very  close  to  the  base.  The  four  middle  pairs  of  pinnse 
are  very  broad  and  swollen  at  the  base,  considerably  elevated,  and  give  rise  to 
a  very  large  number  of  long  and  large  flexible  polyps,  which  are  arranged  in 
numerous  crowded  rows,  so  as  to  form  a  large,  compact  duster,  the  larger  clus- 
ters having  about  forty  polyps.  The  opposite  clusters  approach  so  closely  on  the 
dorsal  side  as  to  blend  more  or  less  together.  The  outermost  row  on  the  ventral 
side  contains  about  twelre  polyps  the  bases  of  which  are  swollen  and  distinguish- 
able nearly  to  the  base  of  the  pinnae.  They  form  an  oblique  row  in  which  the 
fewer  successively  overlaps  the  one  above  it.  The  zooids  appear  as  minute 
granules,  which  cover  the  entire  surface  of  the  rachis,  except  the  narrow,  median, 
ventral  band,  and  form  groups  between  the  bases  of  the  polyps  on  the  dorsal  side, 
running  up  between  their  bases  on  the  ventral  side.  The  successive  pairs  of 
pinnsB  are  separated  by  considerable  intervals  on  the  ventral  side,  but  nearly  nm 
together  on  the  dorsal  side.  The  axis  is  rather  stout  and  has  a  deep  groove  on 
the  ventral  side. 

In  life  the  general  color  was  blood-red.  In  alcohol  the  stalk  and  rachis  are 
yellowish  white  with  a  ting^  of  orange  on  the  sides ;  the  polyps  are  translucent 
grayish  while  or  dull  purplish  with  the  tentacles  chestnut-brown  to  deep  reddish 
brown,  the  stomach  dull  purplish  color,  showing  through  the  walls. 

Toul  length  of  the  larger  specimen,  300'"" ;  length  of  the  naked  stalk,  9,«l»«° ; 
diameter  of  the  stalk,  S™" ;  diameter  of  rachis,  O"" ;  total  breadth  from  tip  to 
tip  of  expanded  polyps,  140"^;  breadth  across  largest  pinnse,  22"";  length  of 
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to  the  generalization  made  by  Professor  Kolliker,  in  his  report 
on  the  Challenger  Pennatalacea,  p.  88,  that  only  the  simpler 
forms  of  Pennatulacea  occur  in  deep  water,  for  our  new  genus 
is  a  very  highly  organized  and  specialized  form,  of  large  size, 
with  complex  lateral  groups  of  very  large  polyps.  But  our 
two'  species  of  Ptnnaiula  (P.  aculeata  and  P.  borealis)  both 
range  downward  to  1255  fathoms,  and  the  generalization  re- 
ferred to  will  probably  be  found  to  rest  on  very  insufficient 
evidence.  A  small  species  of  IStylatula  was  also  dredged  in 
444  fathoms,  but  it  has  not  yet  been  identified.  The  genus 
was  new  to  our  Atlantic  coast. 

Three  specimens  of  a  very  handsome  European  cup-coral 
{Desmophyllum  crista  gallt),  never  before  observed  on  the 
American  coast,  were  taken  this  year  in  1054  to  1060  fathoms. 
Two  of  these  were  of  very  large  size.  Curiously  enough 
another  species  of 'this  genus  was  obtained  at  about  the  same 
time  by- one  of  the  Gloucester  fishing  vessels  off  Nova  Scotia 
and  was  sent  to  the  Fish  Commission  at  Wood's  Holl  by  Capt 
J.  W.  Collins.  This  is  a  very  large  and  handsome  species 
(Z?.  nobile  V.),*  evidently  entirely  new.     It  somewhat  resembles 

free  portion  of  polyps  to  tip  of  tentacles,  SS*"*" ;  length  of  tentacles,  16"^"* ; 
diameter  of  polyps  at  stomach,  S"'". 

Station  22U6,  in  1073  fathoms,  K.  lat.  39'  36',  W.  long.  11'  18'  46'',  one  large 
specimen,  and  station  2210,  in  991  fathoms,  N.  lat?  39*  37'  46",  W.  long.?  71' 
18'  46"  ;  station  2116,  in  843  fathoms  (No.  6729),  1883. 

*  DesmophyUuifi  ndbite  V.,  sp.  nov.  Corallum  solid,  vase-shaped,  arising  from  a 
broadly  expanded  base,  a  short  distance  above  it  contracts  somewhat,  and  then 
expands  to  the  summit.  The  walls  are  pure  white,  smooth,  polished,  somewhat 
lustrous,  without  any  appearance  of  granulation.  The  calide  is  broad,  deep, 
nearly  circular,  and  apparently  thick  at  the  edges,  owing  to  the  peculiar  lateral 
thickening  ol  the  smallest  septa.  There  is  no  visible  columella.  The  septa  are 
forty-eight,  in  four  regular  cycles.  The  twelve  primary  septa  are  very  much 
higher  and  broader  than  the  others,  with  the  inner  edges  nearly  perpendicular 
and  converging  so  near  the  center  as  to  leave  but  a  very  narrow  central  pit. 
Toward  the  summit  the  inner  edge  is  obliquely  truncated  or  slightly  concave, 
while  the  extreme  summit  is  broadly  rounded  and  very  prominent.  The  exterior 
margin  is  broadly  rounded,  usually  flexuous  or  irregularly  lobed  or  notched,  and 
projects  far  beyond  the  border  of  the  calicle  in  the  form  of  very  prominent,  crest- 
like cost8B,  which  extend  a  short  distance  below  the  margin  of  ihe  calicle  and 
Uien  are  suddenly  narrowed,  fading  out  entirely  before  reaching  the  narrowest 
part  of  the  pedicle ;  they  are  rather  thin  at  the  inner  and  superior  edges  but  are 
considerably  thickened  toward  the  wall  and  in  their  exterior  portions ;  their  sur- 
faces within  the  calicle  are  coarsely  granulated,  but  on  their  upper  and  outer 
portions  the  surfaces  are  glazed  and  polished.  The  secondary  septa  are  similar 
in  form  and  struciure  to  the  primary  ones,  but  are  much  smaller  and  thinner, 
their  inner  edges  do  not  extend  so  far  inward  and  the  summit  does  not  rise 
nearly  so  high,  but  the  exterior  or  costal  portion  is  nearly  as  prominent  and 
thick  as  the  primaries,  but  is  more  suddenly  narrowed  and  does  not  extend  so  far 
down  the  sde  of  the  coral.  The  septa  of  the  third  cycle  are  still  narrower  and 
lower,  with  the  inner  portions  quite  thin,  while  the  portion  next  the  margin  of 
the  calicle  is  very  conspicuously  thickened  by  swollen  deposits  which  connect 
them  laterally  with  the  adjacent  septa;  their  exterior  portion  is  scarcely  promi- 
nent, not  forming  distinct  costae. 

Total  height  to  the  summit  of  the  highest  septa,  56»» ;  height  to  margin  of 
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jD.  ingens  Moseley,  from  the  Straits  of  Magellan,  but  has  only 
forty-eight  septa,  which  are  remarkably  thickened  and  very 
aneqnal,  while  the  exterior  is  smooth  with  an  ivory*Iike  polish. 
An  apparently  undescribed  species  of  Paracyathus  occurred  in 
1054  fathoms,  but  it  has  not  been  fully  studied. 

A  peculiar  new  species  of  Epizoanthus  {E.  ahyssorum  V.)  was 
taken  several  times  in  1555  to  2033  fathoms.  It  usually  formed 
the  covering  of  a  hermit-crab  (Parapagurus  pilosimanus).  The 
polyps  are  rather  large,  usually  five  or  six,  divergent,  clavate 
in  contraction,  and  closely  covered  with  a  grayish  coating  of 
small  foraminifera.  The  closed  summit  has  twenty-four  con- 
vergent radii.  The  polyps  in  alcohol  are  10  to  15™"  long,  9  to 
11™  broad. 

In  addition  to  the  starfishes  referred  to  in  my  last  article, 
there  is,  from  1098  and  1451  fathoms,  a  very  interesting  new 
species  belonging  to  the  peculiar  deep-sea  genus,  Hymenaster^^ 
of  which  many  species  were  dredged  by  the  Challenger  in 
various  parts  of  the  world.  An  additional  new  species  of 
Archasiei^  has  also  been  recognized.  It  was  taken  in  858 
fathoms,  in  1883,  and  in  368  fathoms,  in  1881. 

calicle,  42^^-  diameter  of  the  pedicle  in  the  middle  where  narrowest,  2V^^\ 
longest  diameter  of  the  calide,  34'^"';  shorter  diameter,  31'^"';  breadth  of  the 
primary  septa,  20"»;  height  abo7e  margin  of  oalide,  14'»";  breadth  of  the 
exterior  or  costal  portion,  7«»'» ;  breadth  of  secondary  septa,  IS""*;  height  above 
margin  of  calide,  8""" ;  breadth  of  tertiaiy  septa,  S""* ;  height  above  margin  of 
calide,  4  to  5»». 

The  only  spedmen  known  was  taken  July  16th,  1884,  on  the  '*  Stone  Fence,'' 
on  Banqnereau,  N.  8.,  in  about  300  fathoms  (approximate  position  N.  lat.  44°  28', 
W.  long.  bV  130  by  Michael  Ckimpbell,  of  Gloucester,  Mass. 

*  Hymenaster  modeatus^  sp.  nnv.  Body  small,  pentagonal,  with  concave  borders, 
rays  short,  broad,  each  adambulacral  plate  bears  three  very  slender,  acute  spines ; 
two  are  at  the  inner  edge,  and  of  these  the  distal  is  much  shorter  than  the 
other;  the  third  is  external  to  the  others,  more  erect  and  slightly  larger.  The 
ventral  radial  spines  are  very  slender,  not  crowded,  16  to  18  on  each  side;  the 
longest  ones  are  the  6th  and  6th ;  these  and  those  beyond  reach  the  margin, 
which  is  scolloped  between  them.  The  dorsal  paxilln  project  through  the  mem- 
brane as  small  spinules ;  they  are  pretty  uniformly  distributed  and  there  are  no 
defined  radial  areas.  Color  pale  buff  above,  pink  beneath.  Greater  radius,  lO^i^ ; 
lesser  radius,  T"".    Stations  2062  and  2096,  1098  and  1461  fathoms. 

t  ArchtuUr  gepUtUf  sp.  nov.  This  species  is  more  nearly  related  to  A.  tenuispinus 
than  to  any  of  our  other  spedes.  It  agrees  with  the  latter  in  form,  in  having  a 
prominent,  acute  central  spine  on  the  dorsal  paxillee,  and  in  the  general  character 
of  the  spinulation,  in  the  projecting  adambulacnd  plates,  and  apparently  in  the 
presence  of  special  pores  at  the  base  of  the  arms.  Its  disk  is  smaller,  ite  marginal 
plates  more  prominent  and  convex  or  swollen,  ite  marginal  spines  much  larger 
and  more  regular,  and  the  spinules  on  the  marginal  plates  much  longer  and 
sharper,  while  the  ventral  interbracbial  areas  are  much  smaller. 

The  marginal  spines  are  longer  than  the  breadth  of  the  plates,  and  the  spinules 
en  the  plates  diveigent  and  sharp.  The  lower  plates  are  as  prominent  as  the 
npper  and  bear  similar  spinules,  with  a  median  spine  near  the  upper  end,  like 
those  of  the  upper  row,  and  sometimes  with  a  lower  one  of  the  same  form ;  these 
plates  abut  directly  against  the  adambulacral  plates.  The  latter  project  strongly 
mu>  tiie  groove  and  each  bears  a  group  of  eight  to  ten  slender  divergent  spines,  those 
in  the  middle  longest,  with  a  larger,  outer,  erect  central  spine.    Ventral  intorbrachial 
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ADOther  large  and  handsome  new  star-fish,  which  was  taken 
in  several  localities,  in  843  to  1395  fathoms,  both  this  year  and 
last,  is  a  species  of  Solaster  (iS.  alyssicola  V.)*  somewhat  re- 
sembling S.  endeca  and  S.  Earllii  in  general  appearance,  bat 
diRering  from  both  in  the  arrangement  of  the  spines,  especially 
beneath.  The  color  is  bright  orange  in  life.  It  "becomes  over 
a  foot  in  diameter,  with  a  broad  disk,  and  asaally  eight  or 
nine  rays. 

Among  the  deep  sea  Ophiurans  no  genus  is  more  common 
and  widely  diffused  than  Ophiacanthcu  Of  this  genus  we  have 
taken,  during  the  two  past  seasons,  eleven  or  twelve  species, 
besides  one  each  of  the  closely  allied  genera  Ophu/lebes  and 
OphiomilrcL  Most  of  these  forms  live  clinging  closely  to  the 
branches  of  gorgonians.  All  the  species  that  I  have  tested  are 
brilliantly  phosphorescent. 

The  most  abundant  are  0.  bidenlata,  0.  millespina  V.  and 
0.  abysst'cola  G.  O.  Sars;  these  three,  which  are  very  similar 
in  appearance,  are  closely  allied  forms,  and  the  last  two  may 
even  prove  to  be  identical.  But  some  of  the  others,  like  O. 
anomala,  with  six  arms,  and  0.  speclabilis,  with  short,  stout, 
granulose  arm-spines  and  slender,  tapering,  acute  disk  spines, 
are  very  distinct  forms.  The  same  is  true  of  three  new  species : 
0,  cra8siden8^\  having  strong,  acute  disk-spines  and  remarkably 

plates  few,  each  with  a  sharp  central  s<piiie,  suirouoded  bj  ao  irregular  group  of 
small  spinuJes.  Greater  radius,  34'"^ ;  lesser,  ^^^ ;  breadth  of  rays  at  base, 
9mu,  ^[lis  example  han  16  marginal  plates  in  each  row.  Station  2072,  in  858 
fathoms,  four  specimens;  station  994,  in  368  fathoms,  one  young. 

*  Solaster  abyssicola  Y.,  sp.  nov.  Disk  broad.  Bays  usually  eifcht  or  nine, 
varying  to  seven  aud  ten.  Abactinal  side  covered  with  rather  small,  not  very 
duse,  rounded  paxillffi,  bearing  small  and  short  spinules.  The  branchial  papulae 
are  large  and  numerous,  thickly  scattered  on  the  disk  and  base  of  arms.  Margi- 
nal  plates  prominent,  bearing  a  transver^  group  of  small,  rough  spinulea,  in  two 
or  three  rows.  Inter-brachial  ventral  areas  of  moderate  size,  covered  with 
rounded  paxillsB,  similar  to  those  of  the  back,  arranged  in  regfular  rows,  and 
beariug  a  divergent  group  of  five  to  eight  small,  rough  spinules.  The  adainbu- 
lacral  plates  bear  an  ouier  transverse  row  of  five  to  seven  rather  short,  moder- 
ately thick  spines,  united  at  base  and  covered  by  a  thick  skin ;  and  an  inner 
group  of  three  or  (bur,  nearly  equal  and  rather  short  spines,  united  together  by  a 
web  for  about  half  their  length. 

f  Ophiacaniha  crcusidens^  sp.  nov.  Arms  five,  rather  short.  Disk  rounded, 
covered  with  rather  small,  tapered,  subacute,  slighily  roughened  spines,  which 
arise  from  well  developed,  crowded  plates,  only  partly  ooncealed  by  a  thin  skin ; 
radial  shields  nearly  concealed.  Arm-spines  at  base  of  arms,  seven,  hollow, 
minutely  roughened  or  granulose,  short,  brownish,  opaque,  the  five  lower  ones 
subequal,  unusually  short  and  blunt,  becoming  very  stiort  and  acute  distaUj ; 
the  next  two  rather  longer  and  tapered;  the  uppermost  smaller  and  more 
Blender,  acute,  those  of  opposite  sides  well  separated.  Ventral  arm-plates 
prominent,  especially  distally,  the  outer  end  rounded.  Tentacle-scale  large, 
stout,  ovate,  distally  becoming  short  and  blunL  Ventral  aide  of  disk  distincUj 
scaled,  with  few  spines.  Month-shields  triangular  with  acute  inner  angle,  concaTe 
sides  and  convex  outer  margin,  grannloua  Teeth  remarkably  large,  broad  and 
thick,  longitudinally  roughened;  mouth-papiil»  few,  three  or  four  on  each 
nda,   veiy  stout^  flattened  roughened  and  brown,  like  the  teeth,  irhick  th« 
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thick,  stout  teeth  and  mouth-papillso ;  0.  tfwpla^  with  numerous 
long  and  very  slender  arm-spines,  short  obtuse  stumps  on 
the  disk,  and  an  unasaally  lai^e  number  of  slender  acute 
mouth-papillsB,  much  crowded  at  the  outer  corners;  and  0. 
granulifera^^  which  has  the  disk  closely  covered  with  small 
granules  and  has  unusually  wide  and  short  ventral  arm-plates. 
Another  large  species^  of  which  several  were  found  clinging  to 
the  arms  of  Brisinga  spinulosa  Y.,  also  appears  to  be  new. 

The  Ophiolebes  Acanellcb  V.,  referred  lo  above,  lives  clinging 
to  the  branches  of  OorgonianSj  dredged  ofiF  Nova  Scotia,  and 
closely  resembles  some  species  of  Ophiacantfta^  but  has  fewer 
and  shorter  spines  and  its  disk  is  covered  with  short,  rough, 
round-topped  stumps  or  large  granules.  Amphilepis  Norvegzca 
was  taken  several  times  in  1395  to  1556  fathoms. 

The  Ophiomitra  is  a  new  species  §  of  large  size,  allied  to 

tsner  ooes  resemble  in  sixe  and  fonn,  the  others  sucoessiyelj  smaUer.  Color  dull 
brown,  the  spines  and  teeth  darker. 

Diameter  of  disk,  1 3""» ;  lenglh  of  arms  about  40™" ;  larppest  spines,  2*6"»". 
Stet  21 16,  in  843  fathoms,  N.  lat  36*  49'  30',  W.  long.  74**  34^  45',  1  specimen, 
No.  9370. 

^  *  Ophiacan^a  enopk^  sp.  nov.  Bisk  rounded,  rather  smaller,  arms  five,  rather 
long,  side  plates  prominent,  with  long,  slender,  glassy,  acuto,  minutelj  thornj 
spines,  of  which  there  are  eight  in  the  largest  clusters  near  the  base  of  the  arms, 
the  three  upper  ones  decidedly  longer  and  smoother  than  the  6ye  lower  onns;  the 
dusters  do  not  approach  very  nearly  on  the  dorsal  side,  at  the  bass  of  the  arms. 
Dorsal  plates  rhombic,  longer  than  broad.  The  disk  is  thickly  covered  with  small, 
short,  stout,  blunt  stumps,  looking  like  granules,  and  terminated  by  a  gproup  of 
5  to  8  small,  rough,  irregtilar  spiniiles ;  beneath  they  become  rounded  granules. 
Mouth-shields  small,  transversely  elongated  and  subrhombic,  the  outer  angle 
slight,  scarcely  extending  on  the  interbrachial  area.  Tentactle-scale  minute ;  mouth- 
papilla  rather  Ion?,  acute,  very  num^otis,  7  to  9  on  each  side  of  each  jaw, 
crowde<liy  clustered  near  the  outer  end  of  the  mouth -slits,  where  there  are  five  or 
six  standing  nearly  erect  on  each  side,  while  two  or  three  m'>re  horizontal  onei 
stand  nearer  the  inner  end.    Yellowish  white  in  aloohol ;  cange  while  living. 

Diameter  of  disk.  12"*™:  length  of  arms,  6 '>•»";  longest  spines,  4"'». 

Stations  1122,  1124,  2046,  in  351  to  640  fathoms. 

f  0.  graniUi/era  Y.,  sp.  nov.  Disk  finely  granulated,  with  slightly  raised 
radial  ridges,  showing  the  naked  tips  of  the  radial  shielda  Arms  rather  broad, 
arm-spines  on  basal  joints,  8  or  9,  a  little  rough;  the  upper  ones  Ions:  and  slen- 
der, the  rows  not  approximating  above ;  tentacle-scale  small,  lanceolate,  except 
the  basal  ones  Ventral  plates  short,  transversely  oblong  on  2d  to  7ih  joints, 
becoming  trapezoidal  farther  oiit.  Radial  shield  strongly  4-lobed,  small.  Mouth- 
papillsB  all  spiniform,  3  or  4  on  each  side  of  a  jaw. 

Diameter  of  disk  9  to  1 1<»».    Off  Nova  Scotia,  1 01  to  200  fathoms. 

X  Ophiacantha  aculeaia,  sp.  nov.  A  large  orange  species  with  long  tapering 
arms,  and  very  long,  slender,  slightly  rough  spinea  8  or  9  on  each  side,  near  the 
disk,  the  ro^s  nearly  meeting  above.  The  disk  is  rounded  au'i  lull,  with  the 
ends  of  radial  shields  not  exposed;  surface  evenly  covered  with  very  slender 
rough  spinules,  terminated  by  several  sharp  points.  Jaws  wider  and  more 
obiiise^than  usual;  the  mouth-papillae  are  rather  slender,  all  acute,  usually  4  or  5 
on  each  side  of  a  jaw.  Tentacle  scale  lanceolate  acute,  not  very  large.  Mouth- 
shields  rather  small  oonvox  on  outer  eige,  obt'isely  angled  on  the  inner. 

Stations  2034  and  2105.  in  1346  and  1395  fathoms. 

§  Ophiomitra  spinea  V..  sp.  nov.  Radial -shields  broad-ovate,  notched  at  outer 
end,  separated  by  a  triangnlar  wedge  of  soales ;  small  unequal  scales  cover  the 
disk,  and  bear  small  oonioal  and  rounded  granules.    Arm-spines  8  or  9  at  base  of 
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LUt  of  Stationa  occupied  by  the  Albatroae  in  1884. 
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70  20  15 

1180 

gn.  gib.  0. 

_. 

73 

10.42   •* 

4 

2191 

39  46  30 

70  17  00 

961 

gn.M. 

._ 

73 

2.46  P.M. 

4 

2192 

39  46  30 

70  14  46 

1060 

o.i  c,  ens. 

39 

72 

5.45  A.  M. 

6 

2193 

39  44  30 

70  10  30 

1122 

gn.  M. 

38 

73 

11.04   " 

5 

2194 

39  43  45 

70  07  00 

1140 

bn.  0. 

38 

74 

2.54  P.M. 

5 

2195 

39  44  00 

70  03  00 

1058 

gn.  M.,  St 

38 

74 

6.42   •* 

5 

2196 

39  35  00 

69  44  00 

1230 

ti 

38 

74 

4.46  A.  M. 

6 

2197 

39  66  30 

69  43  20 

84 

8..  brk.  8h. 

62 

74 

11.24   " 

6 

2198 

39  56  30 

69  43  20 

84 

41 

62 

74 

1.17  P.M. 

6 

2199 

39  57  30 

69  41  10 

78 

gn.B. 

.. 

74 

2.03   " 

6 

2200 

39  63  30 

69  43  20 

148 

8.,brk.Bh. 

45 

74 

4.38   " 

6 

2201 

39  39  45 

71  35  19 

538 

bu.  IL 

39 

66 

6.10  A.  M. 

19 

2202 

39  38  00 

71  39  45 

516 

gn.M. 

39 

67 

9.23   ** 

19 

2203 

?39  34  15 

71  45  15 

706 

gn.  M.,  8. 

39 

74 

12.20  P.  M. 

19 

2204 

?39  30  30 

71  44  30 

728 

bu.  M.  » 

39 

74 

4.32   " 

19 

2205 

H9  36  00 

71  18  45 

1073 

gy.o. 

38 

73 

4.37  A.M. 

20 

2206 

?39  35  00 

71  24  30 

1043 

gn.M. 

38 

74 

9.16   *' 

20 

2207 

39  35  33 

71  31  45 

1061 

14 

.  39 

74 

1.01  P.M. 

20 

2208 

39  33  00 

71  16  15 

1178 

gn  M..st.,on8. 

•  38 

74 

6.02  A.M. 

21 

2209 

39  34  45 

71  21  30 

1080 

gib.  0. 

•   39 

74 

9.42   " 

21 

2210 

?39  37  45 

71  18  46 

991 

41 

38 

74 

l.ia  P.  M. 

21 

2211 

?39  35  00 

71  18  00 

1064 

gn.M. 

'  38 

74 

4.45   '» 

21 

2212 

?39  59  30 

70  30  45 

428 

ii 

,  *0 

71 

4.48  A.  M. 

22 

2213 

?39  58  30 

70  30  00 

384 

14 

1  39 

71 

8.04   " 

22 

2214 

39  67  00 

70  32  00 

476 

(4 

,  39 

74 

11.30   " 

22 

2215 

39  49  16 

70  31  45 

578 



-- 

74 

3.13  P.M. 

22 

2216 

39  47  00 

70  30  30 

963 

gn.M. 

1  39 

71 

5.38   " 

22 

2217 

39  47  20 

69  34  16 

924 

gy.M. 

38 

73 

4.49  A.  M. 

23 

2218 

39  46  22 

69  29  00 

948 

i< 

39 

74 

10.41   »♦ 

23 
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LUi  of  StationB  occupied  by  the  AJhaiross  in  1884 — continued. 


^ 

Locality. 

Fatti. 

Bottom. 

Temper. 

Hour. 

Bot- 

Bar- 

Date. 

tom. 

ter. 

Off  Martha' 

8  Yineyard. 

N.Lat. 

W.Loog. 

Aug. 

2319 

39**46'22' 

69* 29' 00' 

948 

gy-M. 

39" 

74- 

1.36  P.  M. 

23 

2220 

?39  43  30 

69  23  00 

1054 

.1 

38 

74 

4.18   *» 

23 

8ept 

6 

2221 

39  05  30 

70  44  30 

1525 

gy.0.,brick8. 

37 

75 

9.01  A.  X. 

2222 

39  03  15 

70  50  45 

1537 

11 

37 

73 

2.20  P.M. 

6 

Off  Chesapeake  Bay. 

2223 

37  48  30 

69  43  30 

2516 

glb.o. 

36 

75 

5.07  A.  M. 

7 

2224 

36  16  30 

68  21  00 

2574 

" 

37 

79 

8.31   " 

8 

2225 

36  05  30 

69  51  45 

2512 

yl.o. 

37 

78 

6.47   " 

9 

2226 

37  00  00 

71  54  00 

2021 

gib.  0.,  St. 

37 

80 

5.06   " 

10 

22*27 

36  55  23 

71  55  00 

2109 

«i 

37 

82 

12.24  P.  M. 

10 

2228 

37  25  00 

73  06  00 

1582 

bu.  M.,  ons. 

37 

77 

5.M  A.  M. 

11 

2229 

?37  38  40 

73  16  30 

1423 

glb.o. 

38 

75 

4.12  P.M. 

11 

Off  Delaware  Bay. 

2230 

38  27  00 

73  02  00 

1168 

gy.o.,o.,on8. 

37 

76 

4.37  A.  M. 

12 

2231 

38  29  00 

73  09  00 

966 

i( 

37 

75 

9.42   »' 

12 

2232 

?38  37  30 

73  11  00 

243 

ga.M. 

43 

74 

2.48  P.M. 

12 

2233 

?38  36  30 
Off  Martha' 

76  06  00 
8  Vineyard. 

630 

i( 

39 

73 

4.16   " 

12 

2234 

39  09  00 

72  03  15 

816 

gn.  M. 

39 

71 

4.30  A.  M. 

13 

2235 

39  12  00 

72  0?  30 

707 

" 

39 

72 

7.33   " 

13 

2236 

39  11  00 

72  08  30 

636 

(t 

39 

72 

9.49   " 

13 

2237 

39  12  17 

72.09  30 

520 

" 

39 

72 

11.42   '* 

13 

2238 

39  06  00 

72  10  00 

904 

gy  M. 

39 

72 

2.26  P.M. 

13 

2239 

40  38  00 

70  29  45 

32 

gn.  M. 

.. 

62 

5.06  A.M. 

26 

2240 

40  27  30 

70  29  00 

44 

ti 

61 

7.29   " 

26 

2241 

40  21  00 

70  29  15 

50 

ti 

51 

63 

9.20   " 

26 

2242 

40  15  30 

70  27  00 

58 

u 

51 

63 

11.33   » 

26- 

2243 

40  10  15 

70  26  00 

63 

♦' 

52 

64 

1.13  P.M. 

26 

2244 

40  05  15 

70  23  00 

67 

gn.  M.,  8. 

53 

71 

3.11   " 

26 

2245 

40  01  15 

70  22  00 

98 

IL,  bk.  8. 

51 

61 

4.50   " 

26 

2246 

39  56  45 

70  20  30 

122 

gn.  M. 

48 

71 

6.43   " 

26 

2247 

40  03  00 

69  57  00 

78 

gD.  M.,  8. 

52 

70 

4.57  A.  M. 

27 

2248 

40  07  00 

69  57  00 

67 

M.,R.,  brk.  8h. 

52 

70 

6.50   " 

27 

2249 

40  11  00* 

69  52  00 

53 

M.,  fne.  8. 

51 

70 

8.24   " 

27 

2250 

40  17  15 

69  51  45 

47 

i. 

51 

68 

10.04   " 

27 

2251 

40  22  17 

69  51  30 

43 

(1 

51 

65 

12.02  P.  M. 

27 

2252 

40  28  00 

69  51  00 

38 

u 

50 

63 

1.46   " 

27 

2253 

40  34  30 

69  50  45 

32 

8.,  bk.  spk. 

53 

61 

3.11   " 

27 

2254 

40  40  30 

69  50  30 

25 

It 

54 

61 

4.39   " 

27 

2255 

40  46  80 

69  50  15 

18 

It 

56 

60 

6.10   " 

27 

2256 

40  38  30 

69  29  00 

30 

yl.fl. 

53 

61 

5.42  A.  M. 

28 

2257 

40  32  30 

69  29  00 

33 

8.,  bk.  spk. 

52 

61 

7.17   " 

28 

2258 

40  26  00 

69  29  00 

36 

(i 

51 

61 

8.34   " 

28 

2259 

40  19  30 

69  29  10 

41 

t( 

50 

61 

9.56   " 

28 

2260 

40  13  15 

69  29  15 

46 

gy.s. 

50 

66 

11.13   " 

28 

2261 

40  01  00 

69  29  30 

58 

B.,  bk.  spk. 

54 

66 

12  52  P.M. 

28 

2262 

39  54  45 

69  29  45 

250 

gii.M.,fl. 

42 

67 

2,51   " 

28 
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LUt  of  Stations  occupied  by  the  AUxUroee  in  1884 — continued. 


St.. 

LocaUtT- 

Fath. 

Bottom. 

Temj 

.,P.| 

Hour. 

Bot 

Snr. 

Date. 

. 

torn. 

foee. 

Off  Chesapeake  Baj. 
N.Lat.     W.Lona. 

1 

Oct. 

2263 

37'08'00'' 

74'33'00' 

430 

gn.M. 

47» 

66' 

1.06  P.M. 

18 

2264 

37  07  60 

74  34  20 

167 

gy.s. 

68 

66 

2.37   " 

18 

2266 

37  07  40 

74  36  40 

70 

gii.if.,0.,Sh. 

63 

67 

3.47   *' 

18 

Off  Cape  Hatteras. 

2266 

36  07  00 

76  08  30 

111 

fne.  8. 

73 

78 

6.00  A.  IL 

19 

2267 

36  08  60 

76  07  20 

68 

gy.M. 

71 

79 

6.39   " 

19 

2268 

36  10  40 

75  06  10 

68 

14 

77 

79 

7.43   •• 

19 

2269 

36  12  30 

75  05  00 

48 

era.  G. 

76 

76 

8.46   *• 

19 

2270 

36  14  16 

76  07  00 

32 

fne.  gj.  & 

76 

9.40   " 

19 

2271 

36  16  00 

76  09  00 

26 

.. 

76 

10.45   ** 

19 

2272 

86  20  10 

76  14  00 

16 

8.,  bkVapk. 

75 

11.67   " 

19 

2273 

36  2Qi30 

76  17  30 

17 

1* 

72 

72 

12.46  P.M. 

19 

2274 

36  20  36 

*76  18  05 

16 

i( 

,_ 

71 

1.22   •* 

19 

2276 

35  20  40 

75  18  40 

16 

it 

._ 

71 

1.43   " 

19 

2276 

36  20  46 

75  19  16 

16 

(I 

71 

2.08   " 

19 

2277 

36  20  60 

76  19  60 

16 

M 

^. 

71 

2.21   » 

19 

2278 

36  20  66 

76  20  20 

16 

(i 

71 

2.46   " 

19 

2279 

35  20  66 

76  20  65 

16 

t( 

71 

3.36   " 

19 

2280 

36  21  00 

75  21  30 

16 

i( 

70 

4.16   " 

19 

2281 

35  21  05 

75  ^2  06 

16 

ii 

_, 

70 

4.36   " 

19 

2282 

35  21  10 

75  22  40 

14 

bk.s. 

_. 

70 

5.13   •* 

19 

2283 

36  21  16 

76  23  16 

14 

gy.8. 

.. 

70 

6.41   »* 

19 

2284 

36  21  20 

76  23  50 

13 

era.  gy.  s. 

^  _ 

70 

6.09   " 

19 

2%86 

36  21  26 

75  24  25 

13 

It 

_. 

70 

6.40   •• 

19 

2286 

35  21  30 

75  26  00 

11 

.t 

. 

70 

7.13   " 

19 

2287 

36  22  30 

75  26  00 

7 

(t 

.' 

69 

6.16  A.  M. 

20 

2288 

35  22  40 

75  25  30 

7 

B.,  brk ,  sh. 

69 

6.45   " 

20 

2289 

36  22  50 

75  25  00 

7 

1 

._ 

69 

7.15   " 

20 

2290 

36  23  00 

75  24  30 

10 

'    it 

69 

7.45  -" 

20 

2291 

36  26  30 

75  20  30 

16 

44 

.. 

69 

8.45   •' 

20 

2292 

35  27  20 

76  16  30 

17 

1         .t 

■ 

_, 

70 

9.32   " 

20 

229H 

35  29  10 

75  12  30 

18 

!   era.  a 

.. 

71 

10.25   » 

20 

2294 

36  31  00 

75  08  30 

19 

era.  gy.  a 

,, 

71 

11.18   " 

20 

2295 

35  32  41 

75  04  30 

22 

it 

.. 

73 

12.03  p.  M. 

20 

2296 

35  36  20 

74  58  46 

27 

\             u 

__ 

71 

1.16   *• 

20 

2297 

36  38  00 

74  53  CO 

49 

M.,brk.,8h. 

_. 

73 

2.18   " 

20 

2298 

36  39  00 

74  52  00 

80 

I    •' 

73 

"2.56   •' 

20 

2299 

1  36  40  00 

74  51  30 

296 

bk.  M. 

.. 

73 

3.60   ^» 

20 

2300 

35  41  30 

74  48  30 

671 

1    >* 

.. 

71 

6.20   " 

20 

2301 

35  11  30 

75  05  00 

69 

era.  8. 

75 

77 

6.10  A.  M. 

21 

2302 

36  14  00 

75  03  00 

49 

,   s,  a 

71 

77 

6.45   " 

21 

2303 

35  17  00 

75  01  00 

41 

foe.  & 

77 

7.11   " 

21 

2304 

35  19  00 

74  58  00 

37 

14 

77 

7.40   " 

21 

2306 

35  23  00 

74  51  30 

68 

tt 

66 

79 

8.36   " 

21 

2306 

36  21  30 

74  52  00 

322 

Pfy.M. 

42 

79 

11.00   " 

21 

2307 

35  42  00 

74  54  30 

43 

gy.  4  bk.  8. 

67 

70 

4.11  P.M. 

21 

2308 

36  43  00 

74  53  30 

45 

tt 

._ 

71 

6.17   •• 

21 

2309 

35  43  30 

74  52  00 

66 

8.,bk.8pk. 

._ 

71 

6.08   ** 

21 

2310 

1  36  44  00 

74  51  00 

132 

bk.  M.,  8. 

-- 

71 

6.59   " 

21 
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0.  valida,  btit  having  more  namerous  arm-spines  and  mach 
smaller  rounded  and  sharp  granules  on  the  disk.  It  was  taken 
at  station  2036,  in  20SS  fathoms. 

A  curious  orange  species  of  Hemieuryale  (H.  ienutspina  V., 
formerly  Astronyx  ienutspina  Y.)^  always  occurs  on  tSckroplUum 
elegans  in  1362  to  1608  fathoms.  The  disk  and  arms  are  cov- 
ered with  thin,  rounded  scales,  not  easily  seen  until  dried,  and 
a  row  of  projecting  plates  runs  along  each  side  of  the  arms 
above. 


Aht.  XXlU.—Note  on  a  Fossil  Coal  Plant  found  at  the 
Oraphite  deposit  in  Miea  schist^  at  Worcester,  Mass. ;  by 
Joseph  H.  FKRur. 

In  the  eastern  part  of  Worcester,  there  is  a  granite  knoll 
rising  about  three  hundred  feet  above  the  surrounding  country, 
and  surrounded  on  all  sides  by  the  formation  referred  to  by 
Professor  Edward  Hitchcock  as  mica  slate  or  mica  schist.  In 
this  mica  schist  is  contained  the  coal  deposit  of  Worcester  as 
to  whose  age  there  has  been  much  doubt.  Professor  E.  Hitch% 
cock  believed  it  to  be  much  earlier  than  the  coal  formation  at 
Mansfield  and  Wrentham;  and  Professor  C.  H.  Hitchcock 
assigns  the  mica  schist  to  the  Huronian. 

I  have  recently  found  at  the  coal  mine  two  specimens  of  a 
fossil  coal  plant  of  the  genus  Lepidodendron,  the  largest  about 
eighteen  inches  long  and  six  wide.  The  whole  of  one  surface 
of  the  specimen  and  the  larger  part  of  the  other  are  covered 
with  the  narrow  rhombic  scars,  which  where  most  distinct  are 
about  an  inch  long.  The  specimen  has  been  examined  by 
Professor  J.  D.  Dana,  by  whom  photographs  were  sent  to  Pro- 
fessor Lesquereux.  The  latter  referred  the  fossil  to  the  very 
rare  species  ^^Lepidodendron  {Sdgenaria)  acuminatum  of  Goep- 
pert  (Foss.  PI.  d.  Uebergangsgebirge,  1852,  p.  185,  pi.  xxxiii), 
partly,  especially  fig.  4,  which  however  does  not  give  so  good 
a  representation  of  the  plant  as  the  figure  in  Heer's  Culm  Fl., 
p.  291,  plate  xxii,  fig.  4;"  and  he  adds:  "the  specimen  (photo- 
graph) IS  the  first  I  have  seen  from  America ;  the  specimens 
from  which  Goeppert  made  the  species  were  from  the  Carbon- 
iferous limestone  of  Silesia."  He  also  says:  *'It  is  very  much 
like  a  variety  of  the  old  and  most  common  Lepidodendron 
Vtltheimianum  Sternb. ;  but  it  shows  a  marked  difference  in 
the  disposition  of  the  scars  (cicatrices)  to  be  arranged  in  a  verti- 

armfli  long  and  slender,  somewhat  thorny.  Mouth-papills  unequal,  mostly  slen- 
der, spiniform,  crowded  outwardly,  about  6  to  9  on  each  side  of  a  jaw.  Mouth- 
shields  4-lobed,  the  inner  end  nngulated.  Tentacle-scale  large,  flat ;  inner  ones 
obtuse,  others  lanceolate.    Diameter  of  disk  li™*". 
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cal  direction,  forming  ribs  like  those  of  Sigillaria."  These  ribs 
are  really  long  spiral,  and  Lesquereux,  although  he  has  ob- 
served the  same  in  another  species,  (jueries .  whether  they  are 
normal  or  not  The  Carboniierous  limestone  of  Silesia  corre- 
sponds (as  I  am  informed  by  Professor  Dana)  to  the  American 
Subcarboniferous. 


aranlte.  Mio«  Schist.  Oneiis.        B.B.. 

The  section  represented  in  the  accompanying  figure  has  in 
the  center  the  graniie  kn(»ll,  and  extends  to  the  northwest  only 
far  enough  to  show  the  mica  schist  resting  against  the  granite. 
To  the  southeast  the  section  cuts  through  the  mica  schist  into 
the  gneiss  which  lies  to  the  east  and  southeast  toward  Mans- 
field and  Wrentham.  The  gneiss  and  mica  schist  are  conform- 
able, having  a  general  strike  northeast  and  southwest,  and 
where  the  section  was  made  a  dip  of  75°  to  85®  to  the  north- 
west inclined  away  from  the  granite. 

The  outcrop  of  the  coal-bearing  strata  of  the  mica  schist  is 
about  half  a  mile  northeast  from  the  top  of  the  granite  knoll. 
Here  the  strike  is  northwest  by  southeast  at  about  right  angles 
to  the  strike  of  the  mica  schist  outcropping  not  more  than  an 
eighth  of  a  mile  distant  to  the  east.  The  dip  is  about  50®  to 
the  northeast,  the  strata  leaning  toward  the  granite.  The  fact 
that  the  same  rock,  identified  by  peculiar  markings  as  well  as 
by  constitution,  varies  so  greatly  in  dip  and  strike  within  so 
short  a  distance,  indicates  an  additional  disturbance  to  that 
which  tilted  the  whole  mica  schist  and  gneiss  to  their  present 
position  and  transformed  them  to  their  present  condition.  This 
additional  disturbance  was  the  forcing  up  from  beneath  of  the 
granite  knoll,  breaking  or  bending  the  strata  to  the  northeast 
and  north,  away  from  that  to  the  east.  This  thorough  working 
over  of  the  rocks  containing  the  carboniferous  deposit  has 
transformed  this  deposit  for  the  most  part  into  graphite ;  and  in 
the  specimen,  mentioned  above,  the  carbon  is  in  the  form  of 
graphite  though  the  scars  of  the  plant  are  distinctly  preserved. 

It  is  my  purpose  to  follow  the  rocks  to  the  southeast  and 
then  to  the  west  during  the  next  season.  So  far  as  I  have  gone, 
I  find  my  results  agreeing  quite  closely  with  those  of  Professor 
E.  Hitchcock. 

High  School,  Worcester,  Mass. 
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Art.  XXIV.— 7%«  Test  Well  in  the  Oarboniferms  Formation  at 
Brownville,  Nebraska;  by  Professor  L.  E.  HiOKS  of  the  Uoi- 
varsity  of  Nebraska. 

It  has  long  been  a  mooted  question,  both  in  the  minds  of 
geologists  and  of  practical  miners,  whether  there  is  coal  in 
Nebraska  that  will  pay  for  mining.  The  citizens  of  Brownville, 
Nemaha  coanty,  have  been  making  a  practical  test  of  this  mat- 
ter for  which  they  deserve  much  credit,  since  their  test  well  has 
brought  to  light  facts  of  great  scientific  interest  and  value  irre- 
spective of  the  economical  results. 

The  boring  was  begun  at  an  elevation  of  919  feet  above  the 
level  of  the  sea,  and  carried  to  the  depth  of  1,000  feet  10  inches, 
or  81  feet  10  inches  below  sea  level.  The  surface  rocks  at 
Brownville  are  Upper  Carboniferous  and  show  traces  of  coal, 
as,  for  instance,  in  the  west  bank  of  the  Missouri  river  just 
above  the  railway  station.  Tbe  drill  penetrated  the  Lower 
Conl  Measures  but  did  not  pass  through  them.  These  are  the 
productive  measures  of  the  Carboniferous  in  Iowa  and  in  the 
States  farther  east.  Here,  therefore,  is  the  place  to  find  coal  if 
it  exists  at  all  in  paying  quantities  in  Nebraska.  The  only 
seam  found  in  the  Lower  Coal  Measures  was  one  of  bituminous 
coal  of  fair  quality,  30  inches  in  thickness,  at  a  depth  of  820 
feet  8  inches.  The  boring  was  carried  180  feet  farther  without 
encountering  any  more  coal.  Below  the  thirty  inch  seam  noth- 
ing was  encountered  but  the  shales,  limestones  and  sandstones 
ordinarily  found  in  the  Lower  Coal  Measures.  This  renders  it 
improbable  that  any  more  coal  would  be  found  at  greater 
depths,  although  the  demonstration  would  have  been  more 
complete  if  the  hole  had  been  put  down  one  or  two  hundred 
feet  deeper. 

Above  the  thirty  inch  seam  three  other  thin  seams  were 
found;  one  8  inches  thick  at  a  depth  of  98  feet,  another  14 
inches  thick  at  a  depth  of  242  feet,  and  a  third  10  inches 
thick  at  a  depth  of  375  feet.  These  evidently  belong  to 
the  Upper  Coul  Measures,  as  there  is  an  interval  of  nearly  400 
feet  of  Darren  rocks  between  them  and  the  thirty  inch  seam. 
Immediatelv  below  the  14  inch  seam  is  a  stratum  of  sandstone 
20  feet  thick  containing  water  strongly  impregnated  with  salt 
and  other  minerals  in  solution,  which  flowed  out  at  the  top  of 
the  well. 

Whether  the  thirty  inch  seam  can  be  profitably  worked  at  a 
depth  of  820  feet  is  a  question  for  the  practical  miner  rather 
than  for  the  geologist.  It  would  at  once  be  answered  in  the 
negative  where  fuel  is  plenty,  but  in  this  land  of  prairies  and 
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magnificent  distances  from  productive  mines  the  answer  is  not 
so  much  a  matter  of  course. 

I  have  a  complete  record  of  all  the  strata  encountered,  to  the 
number  of  sixty-two,  and  will  cheerfully  furnish  it  upon  appli- 
cation. 


Art.   XXY.-- Review  of  HiJTs  Supplement  1o  Delaunay;  by 
John  N.  Stookwbll. 

AsTRONOMEBS  in  all  parts  of  the  world  are  always  delighted 
on  the  appearance  of  any  and  all  papers  which  are  issued  from 
the  office  of  the  American  Ephemeris.  A  distinguishing  char- 
acteristic of  all  these  papers  is  the  exhaustiveness  with  which 
the  subjects  deemed  worthy  of  consideration  are  analyzed  and 
discussed.  Commejicing  in  the  year  1879,  soon  after  the 
present  eminent  mathematician  and  astronomer,  Professor 
iSTewcomb,  became  its  Superintendent,  a  series  of  papers  have 
been  issued  which  embrace  a  wide  variety  of  interesting  astro- 
nomical subjects ;  and  the  ability  which  has  been  displayed  in 
the  preparation  of  these  papers  has  gained  for  them  a  world- 
wide reputation.  I  was  therefore  unusually  interested  in  the 
one  which  has  recently  appeared,  entitled,  "  A  Supplement  to 
Delaunay's  Lunar  Theory,  by  G.  W.  Hill,  Assistant  American 
Ephemeris ;"  because  it  contained  an  investigation  of  a  prob- 
lem on  which  I  had  already  bestowed  much  attention.  From 
the  vast  extent  to  which  the  solution  of  the  problem  has  been 
carried,  it  is  evident  that  the  eminent  author  was  determined 
that  the  past  reputation  of  these  papers  should  suffer  no  detri- 
ment from  this.  The  investigation  covers  136  lar^e  quarto 
pages,  and  gives  165  inequalities  in  the  longitude,  209  inequal* 
ities  in  the  latitude  and  five  inequalities  in  the  radius  vector, 
all  of  which  are  said  to  be  correct  to  quantities  of  the  seventh 
order.  Of  these  374  inequalities  in  the  longitude  and  latitude, 
only  seventeen  exceed  one-twentieth  of  a  second  of  arc ;  and 
only  two  exceed  one  second.  The  vast  development,  however, 
shows  the  thoroughness  with  which  the  work  was  intended  to 
be  done,  and  if  it  is  not  what  Mr.  Ilill  claims  for  it  in  point  of 
accuracy  it  is  owing  to  some  oversight  rather  than  to  deliberate 
neglect  of  any  known  cause  of  perturbation. 

I  do  not  purpose,  however,  to  speak  of  the  results  of  this 
solution  which  are  common  lo  all  the  solutions  of  this  problem 
which  I  have  seen,  further  than  to  say  that  it  contains  the  same 
manifest  absurdity  in  the  principal  equation  of  the  latitude: 
namely,  that  it  makes  the  coefficient  of  this  inequality  directly 
proportional  to  the  cube  of  the  sun's  distance  from  the  earth ; 


Digitized  by 


Google 


J.  N,  StochweU — HiJVs  Supplement  to  Ddaunay.      l6l 

from  which  it  follows  that  were  the  earth  and  moon  to  revolve 
around  the  sun  in  their  present  relations  to  each  other,  but  at 
the  distance  of  Neptune,  the  inequality  would  be  more  than 
27,000  times  greater  than  at  present.  This  single  fact  ought  to 
justify  the  suspicion  that  possibly  th^  entire  solution  is  erro- 
neous. This  result  cannot  be  regarded  as  ari  oversight,  but 
rather  as  a  faulty  solution,  the  origin  of  which  it  is  easy  to 
explain. 

But  I  find  on  careful  examination  that  there  has  indeed  been 
a  remarkable  oversight  committed  in  the  developments  of  this 
work,  and  that  not  more  than  two  of  the  inequalities,  if  indeed 
any  of  them  are  deserving  of  any  confidence  in  point  of  accu- 
racy ;  nor  can  these  two  be  correct  to  terms  of  a  higher  order 
than  the  third  or  fourth. 

In  Older  to  give  a  general  explanation  of  the  oversight  which 
seems  to  have  been  commiiteci  in  this  work,  I  would  observe 
that  Mr:  Hill  has  first  determined  the  disturbing  force  which 
is  due  to  the  earth  s  figure  on  the  supposition  that  the  moon's 
motions  are  not  affected  by  the  suns  attraction.  The  real 
disturbing  force  of  the  earth  is,  however,  a  function  not  only 
of  the  earth *s  figure,  but  also  of  the  moon's  coordinates,  and 
since  the  moon's  coordinates  are  affected  by  the  sun's  attrac- 
tion, it  follows  that  there  must  be  a  modiScation  of  the  earth's 
force  arising  from  that  cause.  This  eff'ect  of  the  sun  Mr. 
Hill  has  correctly  allowed  for,  and  it  would  therefore  atem 
at  first  view,  that  if  he  has  allowed  for  the  earth's  force  and 
also  for  its  modification  by  the  sun's  action,  that  the  whole 
effect  of  the  earth's  figure  on  the  moon's  motion  would  be 
accurately  determined  by  his  investigation.  But  in  reality  the 
sun  s  disturbing  force  is  modified  by  the  earth's  figure  to  terms 
of  the  same  order  as  those  by  which  the  earth's  Ibrce  is  modi- 
fied by  the  sun's  attraction.  It  is  therefore  necessary  to  con- 
sider ihese  terms  if  we  propose  to  carry  the  approximations  to 
terms  of  the  order  of  the  products  of  the  disturbing  masses. 
But  these  terms  Mr.  Hill  has  entirely  omitted :  and  hence  it  fol- 
lows that  all  the  terms  of  the  order  of  the  products  of  the 
disturbing  masses  in  his  investigation  must  necessarily  be 
erroneous,  no  matter  to  what  extent  the  development  in  terms 
of  the  eccentricity  and  inclination  may  be  carried. 

It  may,  however,  be  more' satisfactory  to  mathematicians  to 
have  the  preceding  statements  translated  into  symbolic  lan- 
guage. For  this  purpose  let  us  put  B,  and  B,  for  the  disturb- 
ing functions  due  to  the  earth  and  sun  respectively,  and  also 
put  B  for  the  total  disturbing  function,  we  shall  have 

R  =  R.  +  B,  (1) 

But  since  B  is  a  function  of  the  moon's  co(Jrdinates  r,  v  and 
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0^  we  shall  have  the  whole  yariation  of  B  due  to  any  Tariations 
in  the  coordinates  by  means  of  the  equation 


^"60 


(2) 


Now  dr,  dv  and  dO  denote  the  total  perturbations  of  the  coor- 
dinates; they  must  therefore  be  the  sums  of  theperturbations 
arising  from  the  action  of  the  earth  and  sun.  Putting  ihere- 
fore  d^r,  i,r,  d^v,  d^v,  dfi^  dfi  for  the  variations  arising  from  the 
action  of  the  earth  and  sun  respectively,  we  shall  have 

dr=(y,r+<y/    6vz^djo+6^v    dOz^djS+d^d  (3) 

If  we  substitute  these  values  of  ir,  dv  and  30  in  equation  (2), 
and  retain  only  the  terms  depending  on  the  products  of  the 
masses,  we  shall  find, 

Now  Mr.  Hill  has  taken  account  of  only  the  first  three  terms 
of  this  equation  and  has  omitted  all  consideration  of  the  last 
three.  But  if  Mr.  Hill's  values  of  d^r,  i.v,  8^0  are  correct,  these 
last  three  terms  are  of  much  more  importance  than  the  first 
three.  Indeed  it  is  one  of  the  curiosities  or  rather  paradoxes 
of  the  whole  theory,  that,  if  Mr.  Hill's  value  of  i.r,  o^v,  dJ9  be 
substituted  in  the  last  equation  the  value  of  dR  will  be  equal 
to  — E„  and  the  whole  disturbing  function  arising  from  the 
earth's  figure  will  vanish ;  at  least  as  far  as  the  terms  depend- 
ing on  the  coefiicient  j8,  of  Mr.  Hill's  work  are  concerned,  and 
hence  all  the  inequalities  depending  on  that  coefiicient  ought  to 
vanish  also.  But  if  the  values  of  d,r,  d^v  and  dJB  which  I  have 
determined,  are  substituted  in  the  last  three  terms  of  equation 
(4)  we  get  rational  and  consistent  values,  of  the  same  order  of 
magnitude  as  Mr.  Hill  has  derived  from  the  first  three  terms. 
This  is  a  strong  corroboration  of  the  statement  which  I  made 
at  the  Philadelphia  meeting  of  the  American  Association  in 
September,  namely,  that  the  computed  values  of  the  lunar 
inequalities  arising  from  the  earth's  figure  are  erroneous. 

This  fundamental  defect  in  the  theory,  to  which  I  have 
called  attention,  renders  it  entirely  valueless  as  a  scientific 
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dedaction,  so  that  a  more  detailed  analysis  of  the  work  is  un- 
necessary in  this  place;  bat  there  is  one  point  of  especial 
interest  to  which  I  would  like  to  call  attention,  and  that  is  the 
secular  equation  of  the  longitude  which  depends  on  the 
obliquity  of  the  ecliptic.  By  referring  the  equator  and  the 
moon's,  coordinates  to  a  fixed  plane  instead  of  to  the  variable 
ecliptic,  Mr.  Hill  has  seemingly  obtained  a  solution  which  is 
free  from  secular  terrns,  but,  if  we  remember  that  in  this  case 
the  inclination  of  the  orbit  becomes  variable  to  the  same 
extent  as  the  obliquity  of  the  ecliptic  in  my  solution,  we  shall 
obtain  precisely  the  siftne  secular  equation.  La  Place,  nearly 
a  hundred  years  ago,  called  attention  to  the  fact  that  the  secular 
motion  of  the  ecliptic  produced  a  secular  change  in  the  moon^s 
declination,  and  since  this  declination  is  the  principal  variable 
quantity  in  the  expression  of  the  earth's  disturbing  force,  it 
seems  strange  that  Mr.  Hill  should  have  entirely  overlooked 
one  of  its  most  obvious  consequences. 

Although  the  defect  to  which  I  have  called  attention  renders 
the  work  of  no  value  as  a  scientific  deduction,  it  is  never- 
theless really  valuable  on  account  of  the  elegance  and  sym- 
metry which  pervades  its  vast  expansion;  and  it  may  be 
examined  with  great  advantage  by  the  matured  mathematician 
as  well  as  by  the  younger  student  of  celestial  mechanics. 

Cleveland,  Not.  8,  1884. 


SCIENTIFIC     INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  Relation  between  the  Velocity  of  Evaporation  of 
Liquids  and  their  Molecular  weights, — SctiAix  has  continued  his 
researches  upon  the  connection  between  the  time  of  evaporation  of 
liquids  and  their  molecular  weights.*  In  place  of  measuring  the 
increase  in  the  vapor  volume,  he  has  now  measured  the  time 
required  for  the  liquid  to  diminish  by  a  given  amount.  The 
apparatus  (a  figure  of  which  is  given)  consists  of  a  bent  tube 
carefully  calibrated,  to  hold  the  liquid,  enclosed  in  a  flask  con- 
taining a  suitable  vapor  in  contact  with  its  liquid  as  a  source  of 
heat  The  progress  of  the  evaporation  was  observed  with  a 
cathetometer.  In  order  to  determine  the  density  of  the  liquids 
used,  at  their  boiling  points,  a  specific  gravity  flask  filled  with  the 
liquid  was  placed  in  a  cylinder  containing  the  same  liquid  in 
ebullitmi.  When  the  liquid  had  reached  the  required  tempera- 
ture, the  sp.   gr.   flask  was  closed  with  a  tight-fitting  stopper, 

*  Thii  Journal,  lU,  xxvii,  233,  March,  I8S4. 
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cooled  and  weighed.    Taking  the  liqaids  in  pairs,  the  molecular 

weight  of  either  one  is  calculahle  by  the  formula  m=  ■         ,in 

which  m,  D  and  t  represent  the  molecular  weight,  the  density  at 
the  boiling  point  and  the  time  of  evaporation  respectively.  Thus 
for  aniline  D  =  0-8731  and  for  phenol  D'  =5  0-9208.  In  two  ex- 
periments t  for  the  former  was  3*8  minutes  and  if  for  the  latter  3*9 
minutes.    Since  the  molecular  weight  of  phenol  is  94,  the  molecular 

.  ,-  i.  .1-  94X0-8731 X3-9  ^,  '  „  ^ 
weight  of  anilme  =  — 0.9208x3-8 =^^*^S-  Two  other  experi- 
ments gave  91*91,  the  calculated  value  befbg  93.  So,  calculating 
the  molecular  weight  of  phenol,  the  values  95*57,  95*11,  95*11 
were  obtained  ;  the  calculated  molecular  weieht  being  94.  Ben- 
zoyl chloride  (140*5)  and  ethyl  benzoate  (150)  gave  for  the  former 
the  values  144*3  and  144*5;  and  for  the  latter  145-7  and  145*2. 
Twenty-four  similar  pairs  of  liquids  were  examined  with  corres- 
pondingly close  results.  The  following  are  the  conclusions  of  the 
paper :  Ist,  when  liquids  are  evaporated  in  their  own  vapors,  the 
times  of  evaporation  of  equal  weights  are  inversely  proportional 
to  their  molecular  weights.  2d,  the  latent  heats  of  evaporation 
are  proportional  to  the  times  of  evaporation  of  equal  weights  of 
the  liquids.  8d,  at  the  boiling  point,  liquid  acetic  acid  has  the 
molecular  weight  89*8  and  formic  acid,  69. — Ber.  BerU  Chem, 
Oes.,  xvii,  2199,  October,  1884.  o.  p.  b. 

2.  On  the  Quantitative  determination  of  Metals  by  Electrolysis. 
— ^In  a  third  paper  on  this  subject,  Classen  gives  the  results  of  his 
experiments  on  the  quantitative  electrolysis  of  metallic  solutions 
by  means  of  the  magneto-electric  current.  For  this  purpose  he 
uses  a  small  Siemens  dynamo,  driven  from  a  counter-shaft  as 
usual.  This  counter-shaft  however  has  a  cone  pulley  and  is  driven 
from  another  counter-shaft  having  upon  it  a  similar  cone  pulley 
and  also  a  fast  and  loose  pulley,  over  which  runs  the  belt  from 
the  main  shaft.  By  this  arrangement  the  speed  of  the  dynamo  may 
be  varied  at  pleasure  from  100  to  700  revolutions  per  minute.  By 
means  of  a  resistance  box,  placed  in  the  main  circuit,  the  coils  of 
which  vary  from  O'Ol  to  3  ohms  the  current-strength  may  also  be 
varied.  So  that  by  both  these  arrangements  the  author  has  com- 
mand of  a  current  varying  at  will  from  0*02  to  7*46  amperes.  On 
a  vertical  rod  connected  with  the  negative  electrode  is  a  ring  for 
supporting  the  platinum  dish  containing  the  solution.  An  arm 
sliding  on  the  same  rod,  but  insulated  from  it,  supports  the  positive 
electrode.  The  platinum  dish  used  weighs  from  35  to  37  grams,  is 
9  cm.  in  diameter  and  4*2  cm.  deep  and  holds  about  225  cc.  water. 
Care  is  required  to  have  it  perfectly  smooth  and  clean.  For  the 
determination  of  copper  and  of  cadmium  the  double  ammonium 
oxalate  solution  is  preferred.  The  current  used  should  be  about 
0*02  ampere,  such  as  would  be  obtained  by  joining  two  Bunsen  cells 
in  parallel  circuit  The  separation  is  complete  in  from  ten  to 
twelve  hours  for  about  0-15  grm.  copper,  the  end  reaction  being 


Digitized  by 


Google 


Okemistry  and  Phynoe.  166 

determined  by  ferrocyanide.  For  0*1425  grm.  of  copper  used  in 
six  experiments  the  process  gave  0*1425  grm.  in  four  and  0*1420 
in  two.  In  the  case  of  cadmium,  0*1 285,  0*1480, 0-2385  grms.  were 
used  and  0*12325,  0*1470  and  0*:J38O  recovered.  For  the  separa- 
tion of  iron  and  copper,  solutions  of  iron  alum  and  copper  sulphate 
were  mixed  with  ammonium  oxalate  in  excess,  and  elcctrolyzed. 
After  the  copper  was  separated,  more  ammonium  oxalate  was 
dissolved  in  the  solution  and  the  iron  thrown  down  electrol}  ticnlly. 
Copper  was  separated  from  cobalt  and  nickel  in  the  same  way ; 
as  also  from  chromium,  magnesium,  aluminum,  manganese  and 
zinc.  In  the  latter  case  the  solution  is  made  acid  with  sulphuric 
acid.  For  the  precipitation  of  antimony,  its  solution  in  sodium 
monosulphide  free  from  polysulphide  is  used.  Tin  gives  good 
resalts  when  thrown  down  from  solution  in  ammonium  sulphide. 
Platinum  is  readily  estimated  quantitatively  by  electrolyzing  its 
solution  in  hydrochloric  acid  or  ammonium  oxalate  with  a  current 
of  half  the  above  strength.  The  author  gives  the  results  of  the 
electrolytic  separation  of  iron  from  eobalt,  nickel,  zinc  and 
nraninra,  of  zinc  from  chromium  and  uranium,  of  cobalt  from 
chromium,  all  of  which  are  accurate. — Ber,  Berl,  Chem,  Qes,^  xvii, 
2467,  Nov.  1884.  G.  F.  B. 

3.  On  the  Specific  Gravity  of  Monohydrated  Sulphuric  acid, — 
Mendblbjeff  has  reviewed  all  the  determinations  which  have 
been  made  of  the  specific  gravity  of  sulphuric  acid  monohydrate, 
and  concludes  that  those  of  Marignac  in  1853,  giving  1*8372,  of 
Eohlrausch  in  1876  giving  1*8373,  ol  Schei*tel  in  1882  giving  1-8371 , 
which  agree  with  those  made  by  him  in  1884  giving  1*8371,  all  at 
15*^/4*'  in  vacuo,  are  the  more  probably  correct,  since  they  agree  to 
0-0002.— ^6r.  Berl  Chem.  Ges,^  xvii,  2636,  Nov.  1884.      o.  f.  b. 

4.  On  Octosulphates, — Weber  has  succeeded  in  preparing  a 
series  of  sulphates  which  are  perfectly  definite  and  which  contain 
a  very  large  proportion  of  the  acid  radical.  For  the  preparation 
of  the  potassmm  salt,  one  leg  of  a  U  tube  is  filled  with  pure  sul- 
phuric oxide  and  the  other  with  perfectly  dry  potassium  sulphate. 
The  tube  is  then  sealed,  inverted  and  slowly  heated  in  a  water  bath. 
Combination  takes  place  and  two  layers  of  liquid  appear  in  the 
tube.  By  slow  cooling,  beautiful  well-formed  crystals  separate 
from  the  lower  layer,  apparently  quadratic  in  form.  The  tube  is 
now  opened  and  the  still  liquid  oxide  poured  off.  It  is  then  again 
sealed,  heated  to  fuse  the  crystals,  allowed  to  cool  and  the  liquid 
oxide  again  poured  ofi;  the  operation  being  repeated  till  the 
crystals  are  free  from  oxide.  The  composition  of  these  crystals 
was  determined  by  synthesis,  a  weighed  quantity  of  potassium 
salphate  being  used.  When  0*3455  grm.  K,SO^  was  used,  the 
resulting  compound  weighed  1*488  grams;  showing  that  76*78 
percent,  of  it  was  sulphuric  oxide.  This  corresponds  to  the  for* 
mula  K,0 .  (SO,)^  or  JK,SO^ .  (SO,),.  Similar  sulphates  were  ob- 
tained with  rubidium,  csBsium,  ammonium  and  thallium.  Sodium, 
lithium  and  silver  did  not  appear  to  form  them,  at  least  not 
readily. — Ber.  BerLChem,  Gee.,  xvii,  2497,  Nov.  1884.     a.  f.  b. 
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6.  On  the  8qf>araHon  of  Arsenic  from  Tin  and  Antimony. — At 
the  suggestion  of  Classen,  Hufschmidt  has  made  a  series  of  ex- 
periments  on  the  separation  of  arsenic  from  antimony  and  tin  by 
distillation  of  its  chloride.  He  finds  that  if  the  arsenical  solution 
is  brought  to  about  250  c.c.  by  the  addition  of  concentrated  hydro- 
chloric acid  and  then  completely  saturated  with  HCl  gas  and  dis- 
tilled in  a  current  of  this  gas,  the  volatility  of  the  arsenous  chloride 
is  such  that  nearly  the  whole  of  it  is  removed  before  the  first 
drops  of  distillate  enter  the  receiver.  After  about  50  c.c.  of  the 
distillate  has  collected  in  the  receiver,  no  trace  of  arsenic  can  be 
detected  in  the  subsequent  pc^rtions.  To  condense  this  very  vola- 
tile body  a  Woulfe's  bottle  of  about  900  c.c.  is  used  as  a  receiver, 
containing  from  300  to  400  c.c.  of  water  or  of  potassium  hydrate 
solution  of  sp.  gr.  1*1  to  1*2.  The  results  of  the  separations  efiiected 
by  this  method  which  are  given  seem  to  be  entirely  satisfactory. 
— JBer.  Berl,  Chem.  Oes.^  xvii,  2245,  Oct.  1884.  g.  p.  b. 

6.  On  the  Purification  of  Arseniferous  Zinc. — L'Hotb  has 
examined  for  arsenic  the  commercial  zincs  found  in  France,  and 
finds,  for  one  kilogram  of  sheet  zinc,  Vieille-Montagne,  36,  30  and 
20  milligrams  arsenic  in  three  samples,  Harfleur  IP'5  mgrms.,  and. 
Company  Asturienne  20  milligrams.  The  slab  zinc,  Vieille-Mon- 
tagne  and  Silesia,  gave  only  traces.  In  order  to  purify  this  arseo- 
iferous  zinc  the  author  recommends  to  project  into  the  melted 
metal  one  to  one  and  a  half  per  cent  of  anhydrous  magnesium 
chloride.  On  stirring,  white  fumes  of  zinc  chloride  mixed  with 
arsenous  chloride  are  evolved.  If  now  the  metal  be  poured  into 
water  to  granulate  it,  the  zinc  obtained  is  free  from  arsenic  and 
is  readily  attackable  by  one-tenth  sulphuric  acid.  The  same  pro- 
cess will  free  zinc  from  antimony. — Ann.  Chim.  Phys.j  VI,  iii, 
141,  Sept.  1884.  Q.  F.  B. 

7.  On  Pereeite,  a  new  Sugar. — Muntz  and  Mabcano  have 
described  a  new  sugar  obtained  from  the  seeds  of  the  Laurus 
persea,  a  tree  growing  in  the  tropics.  This  sugar  had  been  ob- 
served by  Avequin  in  1831,  and  by  Melsens  later;  but  it  was  by 
them  supposed  to  be  mannite.  It  is  extracted  by  boiling  alcohol 
from  which  it  crystallizes  on  cooling.  Analysis  gives  it  the  for- 
mula C,,H,^0,„  isomeric  with  mannite.  Its  point  of  fusion  is 
183*5^-184*,  while  that  of  mannite  is  20°  lower.  It  is  very  solu- 
ble in  hot,  less  so  in  cold  water.  Even  in  concentrated  solution 
it  has  no  action  in  the  polarimeter.  On  adding  borax  however  to 
a  4  per  cent  solution  it  gave  a  rotation  to  the  right  of  0*55°.  It 
does  not  reduce  copper  solutions  and  is  not  fermentable.  Boiling 
nitric  acid  converts  it  into  oxalic  acid,  without  the  production  of 
mucic  acid.  A  mixture  of  strong  nitric  and  sulphuric  acids  gives 
a  trinitro-perseite  which  detonates  violently  by  a  blow  and  spon- 
taneously decomposes. — Ann.  Chini.  Phye.^  VI,  iii,  179,  Oct. 
1884.  6.  F.  B. 

8.  Synthesis  of  a  Coloring  matter  resembling  that  of  Litmus. — 
Tbaub  and  Hock  have  shown  that  when  resorcin  is  heated  with 
a  small  quantity  of  sodium  nitrite  and  some  water  to  a  tempera- 
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tare  not  ezceedinj;  150^,  a  deep  blae  color  is  developed,  which 
has  in  its  properties  a  very  close  resemblance  to  that  of  Ktmns. 
It  readily  becomes  red  on  the  addition  of  acids  and  is  very  sensi- 
tive as  an  indicator  for  titrition.  In  alkali-solution  it  shows  a 
broad  band  in  its  spectrum  near  the  line  D  which  shades  off  to- 
ward E.  In  acid  solution,  it  cuts  off  the  more  refrangible  portions 
of  the  spectrum. — Ber,  BerL  Chem,  (?«.,  xvii,  2616.        g.  p.  b. 

9.  Use  of  the  induction  Spark  in  Spectrum  Analysis. — M. 
DsHARgAY  has  modified  the  method  of  M.  Lecoq  de  Boisbaudran 
by  employing  an  induction  coil  made  of  comparatively  large  and 
short  wire.  By  means  of  this  induciion  coil  atmospheric  lines 
of  the  second  order  are  not  obtained  and  rarely  the  nebulous 
bands  of  azf>te  or  the  lines  of  the  electrodes.  The  spnrk  has 
sufficiently  high  temperature  to  give  the  spectra  of  all  tne  known 
elements  without  the  employment  of  strong  currents.  The  coil 
employed  by  M.  Demar9ay  under  the  action  of  6  to  9  bichromate 
cells  (zincs  0"'10  to  0"**I6)  coupled  2  or  3  for  quantity  and  8  for 
tension  gave  a  spark  of  6"*°*.  The  inner  diameter  of  the  bobbin 
was  0"'il6  and  its  length  was  0"-23.  The  diameter  of  the  wire 
of  the  primary  was  1™"',  it  weighed  l^^-820  and  was  coiled  in  two 
layers.  The  diameter  of  the  wire  of  the  secondary  coil  was  also 
1"""  and  it  weighed  3^«-400.  The  bundle  of  iron  wires  was  27"" 
in  diameter  and  weighed  680*'.  The  condenser  was  three  times  the 
dimensions  usually  employed  with  induction  coils  of  this  size. 
—  Comvtes  lienduSy  Dec.  8,  1884,  p.  102*2.  j.  t. 

10.  jSffectofthe  Magnetic  field  upon  Light. — Cobnu  in  a  math- 
ematical paper  gives  his  reasons  for  believing  that  a  double 
refraction  of  a  peculiar  nature  exists  in  a  magnetic  field  in  a 
direction  at  right  angles  to  the  lines  of  force.  This  double  refrac- 
tion has  not  yet  been  observed  ;  but  Cornu  shows  that  the  quan- 
tity to  be  observed  is  of  the  order  of  dimension  of  a  wave  length 
and  ought  therefore  to  be  detected  with  the  powerful  means  now 
at  our  command. —  Comptes  BenduSy  Dec.  16,  1884.  j.  t. 

\\.  A  new  Galvanometer. — J.  Rosenthal  describes  a  new  form 
of  galvanometer  which  is  said  to  have  great  range  and  great  sensi- 
tiveness, and  is  made  by  Edelmann,  of  Munich,  for  about  forty 
dollars.  Its  novelty  consists  in  the  needle  which  is  a  horse-shoe 
magnet  suspended  by  a  long  fiber  attached  to  its  neutral  point. 
The  poles  of  the  magnet  are  provided  with  horizontal  pole  pieces, 
which  are  quadrantal  arcs  of  a  circle  the  center  of  which  lies  in 
the  axis  of.  suspension  of  the  horse-shoe.  These  pole  ])ieces  can 
play  within  the  axis  of  two  galvanometer  bobbins  placed  on 
opposite  sides  of  the  vertical  plane  of  the  horRc-shoe  when  the 
plane  coincides  with  the  magnetic  meridian.  When  an  electric 
current  passes  through  the  coils,  these  polo  pieces  are  respectively 
drawn  in  and  repelled  by  the  two  bobbins.  In  this  way  the  poles 
of  the  magnet  can  be  brought  very  near  the  center  of  the  coils. 
Rosenthal  gives  the  results  of  various  measurements  which  he 
has  made  to  test  the  sensitiveness  of  this  instrument.  Without 
compensation   by   an    exterior  magnet  0*1"'"'   deflection  corres^ 
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ponds  at  a  scale  distance  of  2700""  to  — ,-,  of  an  ampere.  With 

12 
compensating    magnet  0-1°*"*  deflection  to  --  ,  of  an  ampere.     A 

difference  of  10®  C.  between  the  junctions  of  one  german  silver 
and  iron  therm o-elemcnt  gives  a  deflection  of  120""*  through  1000 
ohms  resistance  at  a  scale  distance  of  2700"". — Annaien  der 
Physik  und  Chemie^  No.  12,  1 884,  pp.  677-686.  j.  t. 

12.  Electrical  resistance  of  microphone  contacts  during  move- 
ment,— ^The  theory  of  the  action  of  the  microphone  is  still  little 
nnderstood.  Otto  Boekman,  in  his  paper,  gives  the  results  of 
many  measurements  upon  polished  carhon  contacts  with  different 
current  strengths,  and  with  varying  pressure  upon  the  contacts. 
The  results  are  expressed  graphically,  and  the  author  concludes 
that  the  resistance  of  polished  carbon  contacts,  under  constant 
pressure  and  with  constant  current  strengths,  is  smaller  during 
movement  than  during  rest.  After  cessation  of  the  movement 
the  contacts  return  to  their  original  resistance.  The  difference 
between  the  resistance  of  movement,  and  that  of  rest  is  greater, 
the  greater  the  original  resistance— or  which  is  the  same  thing — 
the  less  the  original  pressure.  The  resistance  of  movement  with 
constant  pressure  and  decreasing  strength  of  current  increases 
and  returns  to  its  original  amount,  after  cessation  of  movement. 
The  resistance  decreases  with  diminished  movement  and  dimin- 
ished strength  of  tone  of  the  tuning  fork  interrupter,  the  pressure 
and  the  strength  of  the  electrical  current  remaining  the  same. 
The  resistance  during  the  movement  is  with  same  strencth  of 
tone  and  strength  of  current  not  dependent  upon  the  number  of 
vibrations,  which  the  movement  indicates — it  is  also  independent 
of  the  pitch. — Aim,  Fhys.  Chem,^  No.  1 2, 1884,  pp.  651-665.    j.  t. 

13.  Resistance  of  the  Siemens  Mercury  unit. — H.  Wild  commu- 
nicatea  in  detail  the  results  of  his  new  measurements  of  the  mer- 
cury unit  and  obtains  the  value  1.  S.  E. =0*94316  ohm,  and  there- 
fore concludes  that  106*027<'"  of  mercury,  one  square  millimeter 
jn  section  at  (f  C,  represents  the  resistance  of  an  ohm. — Annaien 
der  Physik  und  ChemiCy  No.  12^  1884,  pp.  665-677.  j.  t. 

II.   Geology  and  Natural  History. 

1.  A  Scorpion  from  the  Upper  Silurian. — A  fossil  Scorpion 
has  been  found  in  the  Upper  Silurian  (Ludlow)  of  Gotland, 
Sweden,  and  named  by  MM.  Torell  and  LindstrOm,  Palceophonus 
mincius.  The  specimen  is  well  preserved  and  shows  clearly  the 
cephalothorax,  the  abdomen  with  seven  dorsal  plates,  and  the 
tail,  consisting  of  six  segments,  the  last  pointed  to  form  the 
poison-dart.  The  sculpture  of  the  surface  consists  of  tubercles 
and  longitudinal  ridges,  and  is  exactly  as  in  recent  scorpions. 
One  of  the  stigmata  is  visible  on  the  right  side,  proving  that  the 
animal  respired  air. 

Further,  a  fossil  scorpion   was    obtained   last  year  by  Dr. 


Digitized  by 


Google 


Oedogy  cmd  Na;twrdL  History.  160 

Hunter,  of  Carluke,  from  the  Upper  Ludlow  beds  of  Lesmahago, 
in  Lanarkshire.  Owing  to  the  ill  health  of  Mr.  B.  N.  Peach,  to 
whom  it  was  sent,  it  was  not  studied  until  a  photograph  of  the 
Swedish  species  was  received  from  Dr.  Lindstrom.  The  two  are 
closely  allied,  and  may  be  of  the  same  species. — Ann.  and  Mag. 
Nat.  Hiaty  January,  1886,  p.  76,  citing  the  note  on  the  Swedish 
Scorpion  from  Comptes  Bendas,  December  1,  1884,  p.  984. 

2.  DinocercUa^  a  Monograph  of  an  Extinct  Order  of  Gigantic 
Mammals ;  by  Othnikl  Chablbs  Marsh.  56  plates  and  200 
woodcutfl.  i-xviii  and  237  pp.  4to.  Washington,  1884.  United 
States  Geological  Survey^  volume  X.  Advance  copy  issued 
with  the  permission  of  the  Director. — A  review  of  this  important 
memoir  will  appear  in  the  next  number  of  this  Journal. 

3.  Names  of  extinct  Eeptiles  ;  by  O.  C.  Mabsh. — The  name 
Amphisaurus^  given  by  the  writer  to  a  genus  of  Triassic  reptiles, 
proves  to  be  pre-occupied,  and  may  be  replaced  by  Anchisaurus. 
The  name  of  the  family  would  then  be  Anchisauridce.  Campto- 
notusy  applied  to  a  genus  of  Jurassic  reptiles,  has  also  been  used, 
and  Camptosaurus  may  be  substituted.  LimnophiH^  already  in 
use,  may  be  replaced  by  Lestophis. 

4.  Botanical  Necrology  for  1884. — The  list  should  begin  with 
the  name  of  a  devotee  to  botany  who  died  some  time  in  the  year 
1883,  namely : 

Augustus  Fkndleb.  After  Dr.  Engelmann's  death,  the  begin- 
ning of  a  notice  of  Mr.  Fendler  was  found  upon  his  table,  from 
which  it  was  learned  that  he  had  died  at  Trinidad,  some  time  pre- 
vious. Inquiries  sent  to  the  Port  of  Spain,  where  he  had  for 
several  years  resided,  remain  unanswered.  An  autobiographical 
account  which  he  addressed  to  a  correspondent  (and  which,  with 
some  of  his  letters,  we  hope  will  before  long  be  printed),  enables 
us  to  state  that  Mr.  Fendler  was  born  at  Gumbinnen,  on  the 
easternmost  borders  of  Prussia,  January  10,  1813,  lost  his  father 
io  infancy,  was  sent  to  the  gymnasium  of  the  town  when  twelve 
years  old,  but  was  at  sixteen  apprenticed  to  the  town  clerk,  where, 
perhaps,  he  perfected  the  neat  and  clear  hand-writing  with  which 
his  correspondents  are  familiar.  Having  a  fondness  for  mathe- 
matics and  chemistry,  he  obtained,  in  1834,  upon  examination, 
a  nomination  to  the  Royal  Polytechnic  School  at  Berlin,  but 
relinquished  it  after  a  year  on  account  of  delicate  health ;  in  1836 
he  came  from  Bremen  to  Baltimore,  "  with  a  couple  of  dollars  in  his 
pocket,"  worked  in  a  tan-yard  in  Philadelphia,  then  in  a  lamp 
factory  in  New  York ;  in  1838,  traveled  in  the  most  economical 
way  to  St.  Louis,  which  required  thirty  days,  and  was  employed 
by  a  lamp-maker  who  made  "spirit-gas"  for  lighting  public 
houses,  coal-gas  being  then  unknown  so  far  west.  Soon  after  he 
made  his  way  to  New  Orleans  and  to  Texas,  where  he  was  witness 
to  the  ravages  of  yellow  fever  in  the  summer  and  fall  of  1839; 
be  returned  to  Illinois,  broken  in  health  and  empty  in  purse,  taught 
school  for  some  time,  then,  the  spirit  of  wandering  and  of  solitude 
coming  strongly  upon  him,  he  took  possession  of  an  uninhabited 
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island  in  the  Missouri  River,  about  300  miles  above  St.  Louis, 
where  he  enjoyed  a  hermit's  life  for  six  months,  and  until  a  great 
spring  rise  of  the  river  threatened  to  sweep  away  his  cabin,  when 
he  took  to  his  cauoe,  and  dropped  down  the  stream  among^the  float- 
ing logs  and  masses  of  ice.  In  1844  he  returned  to  Old  Prussia  on 
a  visit,  at  Konigsberg  made  the  acquaintance  of  Ernst  Meyer,  the 
professor  of  Botany,  and  learned  from  him — what  he  would  have 
oeen  most  glad  to  know  before — ^that  dried  specimens  of  plants  for 
the  herbarium  might  be  disposed  of  at  a  reasonable  price.  Return- 
ing to  St.  Louis,  he  began  to  collect  plants  in  this  view,  took  the 
specimens  to  Dr.  Engelmann,  who  gave  him  botanical  assistance 
and  encouragement.  In  1846  Dr.  Engelmann  and  the  writer  of 
this  notice  obtained  permission  for  the  transportation  of  Mr. 
Fendler  and  his  luggage  along  with  the  body  of  U.  S.  troops 
which  took  possession  of  Santa  Fe,  New  Mexico;  there  he 
remained  for  about  a  year,  and  made  his  well-known  New  Mexi- 
can collection,  the  first  fruits  of  the  botany  of  that  interesting 
district.  In  1849,  he  attempted  another  western  botanical  expe- 
dition, this  time  with  Salt  Lake  in  view.  But  on  the  plains  be 
lost  all  his  drying  paper  in  a  flood  of  the  Little  Blue  River,  and 
he  returned  to  St.  Louis,  to  And  that  all  his  collections,  books, 
journals  and  other  possessions  had  been  burnt  in  the  great  confla- 
gration which  had  just  devastated  that  city.  He  now  sought  a 
different  climate,  and,  at  the  approach  of  winter,  went  to  the 
Isthmus  of  Panama  for  four  months,  made  at  Chagres  an  inter- 
esting botanical  collection,  returned  by  way  of  New  Orleans  to 
Arkansas,  and  to  Memphis  on  the  Tennessee  side  of  the  river, 
where  for  three  years  he  carried  on  the  cainphene-light  business, 
botanizing  in  the  vicinity  when  he  could.  In  1864,  the  introduc- 
tion of  gas  having  made  his  occupation  unprofitable,  and  a 
craving  for  new  scenes  being  strong  upon  him,  he  sailed  for 
La  Guayra,  went  up  to  Caraccas  and  thence  to  Oolonia  Tovar, 
6,500  feet  above  the  sea,  built  his  cabin  on  the  mountain  side, 
where  he  lived  four  or  five  years  and  amassed  his  large  and  fine 
Vonezulean  collections  of  dried  plants,  so  well  known  in  the 
rincipal  herbaria  of  the  world.  His  principal  companions  were 
is  thermometer  and  barometer,  and  his  careful  meteorological 
observations  were  published  by  the  Smithsonian  Institution,  in 
the  report  of  the  year  1867.  Returning  to  Missouri,  in  1864,  he 
bought  some  wild  land  at  Allenton,  cultivated  and  lived  on  it 
for  seven  years  (except  one  winter  passed  in  the  herbarium  at 
Cambridge),  having  the  companionship  and  assistance  of  a  half- 
brother  who  had  joined  him,  and  whom,  being  rather  feeble-minded, 
he  took  cure  of  for  the  rest  of  his  life.  In  1871,  having  sold 
his  place  in  Missouri,  he  returned  again  to  Prussia,  intending 
to  remain  in  his  native  country.  But  he  soon  longed  for  the 
New  World,  to  which  he  rettimed  in  1878;  he  settled  in 
Wilmington,  Delaware,  where,  having  the  bolsnical  companion- 
ship of  Mr.  Canby,  he  again  interested  himself  in  his  favorite 
pursuits, — but  now  much  more  in  speculative  physics.     For  years 
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the  thoughts  of  his  solitary  hoars  had  turned  upon  the  cause 
of  gravitation  and  its  probable  connexion  with  other  forces,  and 
while  at  Wilmington  he  wrote  (and  unhappily  printed  at  his  own 
expense)  a  thin  octavo  volume,  entitled  ''  The  Mechanism  of  the 
Universe.''  Repeated  attacks  of  acute  rheumatism  constrained 
him  to  seek  again  a  tropical  climate,  this  time  the  island  of 
Trinidad.  He  and  his  brother  landed  at  the  Port  of  Spain  in 
June,  1877,  where  he  passed  the  remainder  of  his  days,  living 
mainly  on  the  products  of  the  small  plot  of  land  which  he  pur- 
chased, renewing  his  old  interest  and  activity  in  making  botanical 
observations  and  collections,  especially  among  the  Ferns,  of  which 
he  sent  to  Professor  Eaton  collections  worthy  of  his  better  days. 
But,  having  exhausted  in  this  respect  the  field  witliin  his  immedi- 
ate reach,  and  lost  the  vigor  needed  for  laborious  excursions, 
little  had  been  heard  of  him  for  th^  past  few  years,  and  it  is  only 
indirectly  that  the  fact  of  his  death  has  been  made  known  to  us. 

It  is  needless  to  say  that  Fendler  was  a  quick  and  keen 
observer  and  an  admirable  collector.  He  had  much  literary  taste, 
and  had  formed  a  veiy  good  Titeraiy  style  in  English,  as  his 
descriptive  letters  show.  He  was  excessively  diffident  and  shy, 
but  courteous  and  most  amiable,  gentle,  and  delicately  refined. 
Many  species  of  his  own  discovery  commemorate  his  name,  as  also 
a  well-marked  genus,  a  Saxifragaceous  shrub,  which  is  winning 
its  way  into  ornamental  cultivation. 

Fendler's  death  probably  did  not  long  precede  that  of  his 
patron  and  friend, 

Gkobgb  Ekgklmanit,  whose  lamented  decease,  on  the  fourth 
of  February,  1883,  at  the  age  of  75,  was  announced  in  this 
Joornal  at  the  time;  and  whose  biography  is  given  in  the  July 
Dumber.  There  is  also  an  interesting  memorial  in  Science, 
April  4,  by  his  friend  and  associate  Professor  Sargent. 

Samuel  Botsfobd  Bucklby  died  at  Austin,  Texas,  February 
18,  1883,  in  the  76th  year  of  his  age.  He  was  born  in  Yates  Co., 
New  York,  near  Pen  Yan,  on  the  9th  of  May,  1809,  was  educated 
at  Wesley  an  University,  Middletown,  Conn.,  became  for  some 
time  a  teacher,  at  first  in  Illinois,  where  his  earliest  botanical  col- 
lections were  made,  then  in  Alabama  and  some  of  the  neighbor- 
ing States,  and  was  one  of  the  earliest  explorers  of  our  time  in  the 
southwestern  portion  of  the  Appalachian  Mountains.  His  first 
and  probably  his  best  paper,  describing  some  new  species  of  this 
region,  was  published  in  this  Journal  in  1 843,  at  the  same  time 
with  the  characters  of  the  remarkable  genus  which  botanically 
commemorates  him,  viz :  the  Buckleya  distichophylla  of  Torrey, 
a  peculiar  and  graceful  Santalaceous  shrub,  of  which  Mr.  Buckley 
first  discovered  the  flowers  and  fruit,  Nuttall  before  him  having 
found  onlv  the  foliage.  In  later  years  Mr.  Buckley  resided 
mainly  in  Texas,  where  he  was  appointed  State  Geologist  in  1866 ; 
but  he  was  the  naturalist  of  the  State  Survey  much  earlier. 
Many  new  species  and  some  genera  were  published  by  him  in  the 
years  1860-62,  in  the  Proceedings  of  the  Academy  of  Natural 
ocieDcea  at  Philadelphia.     His  zeal  in  botany  and  his  knowledge 
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of  plants  of  the  Southern  States  in  their  native  hahitats  were 
great;  his  opportunities  and  training  fordoing  descriptive  botan- 
ical work  were  not  of  the  best.  It  is  said  that  he  *'  was  several 
years  engaged  in  writing  a  work  on  the  tre^s  and  shrubs  of 
America,  which  is  unfinished.''  An  appropriate  biographical 
notice  of  Mr.  Buckley,  by  S.  H.  Wright,  is  in  the  eleventh  volume 
of  the  Bulletin  of  the  Torrey  Botanical  Club. 

John  Williamson,  of  Louisville,  Kentucky,  died  June  17, 
1884, — a  young  man,  of  Scottish  birth,  an  amateur  botanist, 
chiefly  in  Ferns ;  the  author  of  the  Ferns  of  Kentucky,  in  two 
editions,  illustrated  by  graceful  and  characteristic  figures  ])rinted 
directly  from  the  author's  etchings,  which  are  wonderfully  good. 
We  need  here  only  refer  to  two  memorials  of  this  gifted  artibt 
and  pteridologist,  from  most  capable  and  loving  hands,  one  by 
Mr.  6.  E.  Davenport  in  the  Botanical  Gazette,  ix,  122;  the  other 
by  J.  H.  K.  in  the  Bulletin  of  the  Torrey  Botanical  Club,  xi,  104. 

Of  Botanists  in  Europe  the  principal  losses  in  1884  are  those  of 

John  HuiTON  Balfour,  one  oi  the  founders  of  the  Edin- 
burgh Botanical  Society  in  1836,  an  eminent  teacher  and  a  man 
of  various  learning;  Professor  of  Botany  first  at  Glasgow,  but 
since  1846  at  Edinburgh,  his  native  town,  where,  after  a  few 
years  of  superannuation,  he  died,  February  11,  1884,  in  the  76th 
year  of  his  age. 

Heinbich  Robbbt  G<epfbbt,  Professor  of  Botany  at  Breslau, 
eminent  as  a  teacher  and  in  Paleo-botany,  died  May  18,  1884,  in 
the  84th  year  of  his  age. 

Gkobgu  Bbntiiam,  the  greatest  descriptive  and  taxonomical 
botanist  since  DeCandolle  and  Brown,  died  Sept.  20,  close  upon 
his  84th  bii*thday.  A  memorial  finds  a  place  in  the  present  num- 
ber of  this  Journal,  p.  1 03.  a.  g. 

in.    Miscellaneous  Scientific  Intelligence. 

1.  The  late  Henry  Watts,  F.R.8.,  HC.S.—A  recent  number 
of  the  Chemical  News  (Dec.  5,  1884),  states  that  in  November 
last,  at  a  meeting  held  at  the  Royal  Institution,  a  committee  was 
formed  to  collect  funds  for  the  benefit  of  the  wife  and  children 
of  the  late  Mr.  Henry  Watts.  It  appears  that  notwithstanding 
his  remarkable  industry,  and  the  many  contributions  which  he 
made  to  science,  the  money  return  for  his  labors  was  small  and 
only  sufficed  for  daily  wants,  and  now  at  his  death  his  invalid 
wife  and  ten  children  find  themselves  with  almost  nothing  to 
depend  upon.  The  income  available  amounts  to  the  pitiful  sum 
of  £100  a  year,  and  only  two  of  the  children  are  in  a  position  to 
render  assistance.  In  view  of  the  great  benefit  which  every 
chemist  has  received  from  the  almost  uuremunerated  labors  of  Mr. 
Watts,  notably  from  his  great  Dictionary  of  Chemistry,  the  appeal 
which  the  committee  now  makes  to  chemists  at  home  and  abroad^ 
should  receive  a  prompt  and  liberal  response.  All  contributions, 
whether  larg^e  or  small,  will  be  welcome.  Subscriptions  may  be 
sent  to  Dr.  K.  Waller,  of  New  York,  (4th  Avenue  and  49th  St.). 
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Art.  XXVI. — Professor  Ma/rsKs  Monogrwpk  of  the 
Dmocerata* 

The  previous  numbers  of  this  Journal  have  contained  all, 
or  nearly  all,  of  the  original  papers  on  the  Dmocerata  by  the 
author  of  the  present  memoir,  and  it  is  especially  fitting,  on 
the  completion  of  his  investigations,  that  at  least  an  abstract 
of  the  main  points  of  the  volume  should  also  be  placed 
here  on  record.  The  extracts  which  follow  have  been  se- 
lected with  a  view  to  give  to  the  reader  a  brief  sketch  of  the 
discovery,  and  general  characteristics,  of  this  remarkable  group 
of  mammals,  and  their  relations  to  other  members  of  the  same 
class,  living  and  extinct. 

The  general  plan  of  the  present  volume,  essentially  the  same 
as  that  of  the  author's  previous  memoir  on  the  OdorUomithes^ 
\&  especially  worthy  of  notice,  and  might  well  serve  as  a  model 
for  all  monographs  on  similar  subjects.  In  the  Introduction, 
the  history  of  tne  discovery  of  the  Dinocera;ta^  and  their  dis- 
tribution in  time  and  space,  are  first  presented.  A  description 
of  the  various  parts  of  the  skeleton  in  the  typical  genera  of 
the  order  next  follows,  richly  illustrated,  with  restorations  of 
two  forms,  and  the  biologist  has  then  before  him  a  vivid  picture 
of  characteristic  members  of  the  group.  In  the  Appendix,  is 
a  Synopis  of  all  the  known  genera  and  species,  with  many 
details  lor  the  systematic  zoologist. 

*  DwaceraiOj  a  Monograph  of  an  Eztibct  Order  of  Gigantic  Mammals ;  bj 
Othniel  Charles  Marsh.  56  plates  and  200  woodcuts,  i-zyiii  and  237  pp.,  4to. 
Washington,  1884.  United  States  Greological  Survey,  vol.  x.  Advance  copj 
iaaaed  with  the  permission  of  the  Director. 

Am.  Joub.  Sol—Thied  Seeies,  Vol.  XXIX.  No.  171.— Mabch,  1885, 
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The  volume  ends  with  a  Bibliography  of  all  the  important 
literature  on  the  Dinocerata^  and  thus  the  librarian,  also,  has  at 
hand  material  ready  for  a  cataloffae.  In  most  volumes  on 
palsBontology,  as  well  as  on  other  branches  of  natural  science, 
these  four  divisions  are  mixed  together,  so  that  each  different 
class  of  readers  must  seek  out  what  it  needs  with  much  labor. 

The  author's  general  plan  of  publication  was  given  in  the 
introduction  to  his  previous  memoir,  and  this  is  supplemented 
in  the  preface  of  the  present  volume,  from  which  we  quote  the 
following : 

"  The  present  memoir  is  the  second  of  a  series  of  Mono- 
graphs designed  to  make  known  to  science  the  Extinct  Verte- 
brate Life  of  North  America.  In  the  first  volume,  on  the 
Odontomithes,  or  Birds  with  Teeth,  the  author  gave  the  result 
of  his  investigations  of  that  remarkable  group,  which  he  dis- 
covered in  the  Cretaceous  deposits  on  the  Eastern  slope  of  the 
Roc^  Mountains. 

^'  This  second  Monograph  contains  the  full  record  of  a 
peculiar  order  of  Mammals,  which  the  author  also  brought  to 
light  in  the  early  Tertiary  strata  of  the  great  central  plateau 
of  the  continent. 

"  In  preparing  the  present  volume,  it  has  been  the  aim  of 
the  author  to  do  full  justice  to  the  ample  material  at  his  com- 
mand, and,  where  possible,  to  make  the  illustrations  tell  the 
main  storv  to  anatomists.  The  text  of  such  a  memoir  may 
soon  lose  its  interest,  and  belong  to  the  past,  but  good  figures 
are  of  permanent  value  in  all  departments  of  Natural  Science. 
What  is  now  especially  needed  in  Palfleontology  is,  not  long 
descriptions  of  fragmentary  fossils,  but  accurate  illustrations  oi 
characteristic  type  specimens.  In  the  fifty-six  lithographic 
plates,  and  nearly  two  hundred  original  woodcuts,  in  the  pres- 
ent volume,  it  is  believed  that  this  requirement  is  fairly  met ; 
since  all  the  more  important  specimens  of  the  Dinocerata  now 
known  are  represented,  and  at  least  one  figure  is  given  of 
every  species. 

In  the  Introduction,  the  author  gives  an  account  of  the  dis- 
covery of  the  Di/nocerataj  with  the  localities  and  geological 
horizon  in  which  they  are  found,  beginning  as  follows : 

"  Among  the  many  extinct  animals  discovered  in  the  Ter- 
tiary deposits  of  the  Rocky  Mountain  region,  none,  perhaps, 
are  more  remarkable  than  the  hu^e  mammals  of  the  order 
Dmocerata.  Their  remains  have  hitherto  been  found  in  a 
single  Eocene  lake-basin  in  Wyoming,  and  none  are  known 
from  anv  other  part  of  this  country,  or  from  the  Old  World. 
These  gigantic  beasts,  which  nearly  equaled  the  elephant  in 
size,  roamed  in  great  numbers  about  the  borders  of  the  ancient 
tropical  lake  in  which  many  of  them  were  entombed. 
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"  This  lake-basin,  now  drained  bv  the  Green  River,  the  main 
tributary  of  the  Colorado,  slowly  filled  up  with  sediment,  but 
remained  a  lake  so  long  that  the  deposits  formed  in  it,  during 
Eocene  time,  reached  a  vertical  thickness  of  more  than  a  mile. 
The  Wasatch  Mountains  on  the  West,  and  the  Uinta  chain  on 
the  South,  were  the  main  sources  of  this  sediment,  and  still 
protect  it,  but  the  Wind  River  range  to  the  North,  and  other 
mountain  elevations,  also  sent  down  a  vast  amount  of  material 
into  this  great  fresh-water  lake,  then  more  than  one  hundred 
miles  in  extent. 

'^  At  the  present  time,  this  ancient  lake-basin,  now  six  to  eight 
thousand  feet  above  the  sea,  shows  evidence  of  a  vast  erosion, 
and  probably  more  than  one-half  of  the  deposits  once  left  in  it 
have  been  washed  away,  mainly  through  the  Colorado  River. 
What  remains  forms  one  of  the  most  picturesque  regions  in 
the  whole  West,  veritable  mav/vaises  terres^  or  bad  land^  where 
slow  denudation  has  carved  out  cliflEs,  peaks,  and  columns  of 
the  most  fantastic  shapes,  and  varied  colors.  This  same  action 
has  brought  to  light  the  remains  of  many  extinct  animals,  and 
the  bones  of  the  Di/nocerata^  from  their  great  size,  naturally 
lirst  attract  the  attention  of  the  explorer. 

"  The  first  remains  of  the  Dinocerata  discovered  were  found 
bv  the  author,  in  September,  1870,  while  investigating  this 
llocene  lake-basin,  which  had  never  before  been  explored. 
Various  remains  of  this  group  were  also  collected  by  other 
members  of  the  expedition,  and  among  the  specimens  thus 
secured  was  the  type  of  I'inoceras  ancepa^  described  by  the 
author  in  the  following  year,  and  now  more  fully  in  the  present 
volume.  In  the  same  geological  horizon  with  these  remains, 
a  rich  and  varied  vertebrate  fauna,  hitherto  unknown,  was 
found. 

^^  Among  the  animals  here  represented  were  ancestral  forms 
of  the  moaern  horse  and  tapir,  and  also  of  the  pig.  Many 
others  were  found  related  to  the  recent  Lemurs ;  also  various 
Camivors,  Insectivors,  Rodents,  and  small  Mari^npials ;  and  of 
still  more  importance,  remains  were  here  brought  to  light  of 
another  new  order  of  mammals,  the  Tillodonts,  quite  unlike 
any  now  living.  Crocodiles,  tortoises,  lizards,  serpents,  and 
fishes  also  swarmed  in  and  about  the  waters  of  this  ancient 
lake,  while  around  its  borders  grew  palms,  and  other  tropical 
vegetation. 

"  The  remarkable  Eocene  basin  North  of  the  Uinta  Moun- 
tains, where  alone  the  DmocercUa  had  been  found,  offered  so 
inviting  a  field  for  exploration,  that  in  the  spring  of  the  fol- 
lowing year,  1871,  the  author  began  its  systematic  investiga- 
tion. An  expedition  was  again  organized,  with  an  escort  of 
United   States  soldiers,  and  the  work  continued  during  the 
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entire  season.  Among  the  verjr  lar^  collections  thns  secured, 
were  numerous  specimens  of  the  Dinocerata^  which  furnished 
important  characters  of  the  group. 

"In  the  succeeding  spring,  1872,  the  explorations  in  this 
region  were  continued,  and  soon  resulted  in  the  discovery  of 
the  type  specimen,  including  the  skull,  and  a  large  portion  of 
the  skeleton,  of  DvaoceroB  mirabile^  and  on  this  new  genus 
the  author  based  the  order  Dinocerata, 

"Other  important  specimens,  obtained  at  this  time,  and 
described  by  the  author,  were  the  types  of  Dinoceras  hica/rej 
Tinoceras  grande^  Tinoceras  lacusire^  and  others  of  scarcely 
less  interest. 

"  In  the  following  season,  1873,  the  author  organized  another 
large  expedition,  with  government  escort,  and  made  a  very 
careful  examination  of  the  regions  in  this  same  basin  that 
remained  unexplored.  One  of  the  specimens  of  special  impor- 
tance thus  secured  was  the  type  of  Dinoceras  laticepB^  with 
the  skull  and  lower  jaw  nearly  complete.  Many  other  indi- 
viduals of  the  Dinocerata  were  also  discovered,  and  the 
abundant  material  then  collected  was  sufficient  to  clear  tip 
most  of  the  doubtful  points  in  this  group. 

"  The  research  was  continued  systematically  during  the  next 
season,  also,  1874,  and  again  in  1875,  with  good  results.  Since 
then,  various  small  parties,  at  different  times,  have  been 
equipped  and  sent  out  by  the  author  to  collect  in  this  basin ; 
and,  finally,  during  the  entire  season  of  1882,  the  work  was 
vigorously  prosecuted  under  the  direction  of  the  author,  and, 
from  July  of  that  year,  under  the  auspices  of  the  United 
States  Geological  Survey. 

"  The  specimens  thus  brought  together  by  all  these  various 
expeditions  and  parties  are  now  in  the  museum  of  Yale  Col- 
lege, and  represent  more  than  two  hundred  individuals  of  the 
Dinoce7*ata  alone.  *  *  *  *  The  present  volume  is  based  on 
this  material,  amply  sufficient,  it  is  believed,  to  illustrate  all 
the  more  impoj*tant  parts  of  the  structure  of  this  remarkable 
group. 

"The  remaining  material  of  the  Dinocerata^  now  known, 
consists  of  a  few  specimens  collected  by  Dr.  Leidy  in  1872, 
including  the  type  of  the  genus  Uintaiheriujn ;  various 
remains  secured  in  the  same  year  by  Prof.  Cope,  to.which  he 
applied  the  names  Loxolophodon  and  Eohasileus^  with  a  later 
acquisition  called  Bathyomis ;  and  a  number  of  specimens 
more  recently  obtained  by  parties  from  Princeton  College* 
Although  these  remains  show  few,  if  any,  characters  of  wie 
Dinocerata  not  better  represented  in  the  larger  collection  of 
the  Yale  Museum,  full  references  to  the  more  important  speci- 
mens, in  most  cases  with  illustrations,  are  given  in  the  present 
memoir. 
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"  The  localities  in  which  the  Dinocerata  have  been  found 
are  on  both  sides  of  the  Green  River,  and  mainly  south  of  the 
Union  Pacific  Kailroad,  in  Wvoming.  Of  two  hundred  indi- 
viduals in  the  Yale  Museum,  about  equal  numbers  were  found 
east  and  west  of  this  river,  the  distance  between  the  extreme 
localities  in  this  direction  being  more  than  one  hundred  miles. 
The  map  below  covers  this  region. 
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''  The  Dinocerata  have  hitherto  been  found  in  a  well  marked 
geological  horizon  of  the  middle  Eocene. 
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"  The  Dinocerata  form  a  well  marked  order  in  the  ffreat 
group  of  UrigvJMa.  In  some  of  their  characters,  they  r&em- 
ble  the  Artiodactyls  {Paraxonid) ;  in  others  they  are  like  the 
Perissodactyls  {MesaoMmia);  ana  in  others  still,  they  agree 
with  the  Proboscidians.  The  points  of  similarity,  however, 
are  in  most  cases  general  characters,  which  point  back  to  an 
earlier,  primitive  ungulate,  rather  than  indicate  a  near  affinity 
with  existing  forms  of  these  groups. 

"  The  Dtnoceratay  so  far  as  now  definitely  known,  may  be 
placed  in  three  genera,  Dinoceras^  Marsh,  TinooeraSy  M^rsh 
and  Uintatherium^  Leidy.  The  type  specimen  of  Uintathe- 
rium  weiB  discovered  near  the  base  of  the  series  of  strata  con- 
taining the  remains  of  the  Dinocerata.  Dinoceras^  so  far  as 
known,  occurs  only  at  a  higher  horizon,  while  Tinoceras  has 
been  found  at  the  highest  level  of  all.  The  characters  of  these 
three  genera  correspond  in  general  with  their  geological  posi- 
tion. Utntatheritmi  appears  to  be  the  most  primitive  type, 
and  Tinoceras  the  most  specialized,  Dinoceras  being  an  inter- 
mediate form. 

"  The  number  of  species  of  the  known  Dinocerata  is  a  diffi- 
cult matter  to  determine,  especially  as  the  limitations  between 
species  are  now  ffenerally  regarded  as  uncertain.  About  thirty 
forms,  more  or  less  distinct,  are  recognized  in  the  Synopsis  at 
the  end  of  the  volume. 

Thb  Skulu 

"  The  skull  of  Dinoceras  mirabUe  is  long  and  narrow,  the 
facial  portion  being  greatly  produced.  The  basal  line,  extend- 
ing from  the  end  of  the  premaxillaries  along  the  palate  to  the 
lower  margin  of  the  foramen  magnum,  is  nearly  straight.  The 
top  of  the  skull  suppoiis  three,  separate,  transverse  pairs  of 
osseous  elevations,  or  hom-cores,  which  form  its  most  con- 
spicuous feature,  and  suggested  the  name  of  the  genus.  The 
smallest  of  these  protuberances  are  situated  near  the  extremity 
of  the  nasals ;  two  others,  much  larger,  arise  from  the  maxil- 
laries,  in  front  of  the  orbits ;  while  the  largest  are  mainly  on 
the  parietals,  and  are  supported  by  an  enormous  crest,  wnich 
extends  from  near  the  orbits  entirely  around  the  lateral  and 
posterior  margins  of  the  true  cranium.  These  general  charac- 
ters are  well  shown  in  figure  2,  which  represents  the  skull  of 
the  tvpe  specimen. 

"  There  are  no  upper  incisors,  but  the  canines  in  the  male 
are  enormously  developed,  forming  sharp,  trenchant,  decurved 
tusks,  which  were  each  protected  by  a  dependent  process  on 
the  lower  jaw.    The  premolar  and  molar  teeth  are  very  smaUL 
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^^The  orbit  Ib  large,  and  confluent  with  the  temporal  fossa. 
The  latter  is  of  great  extent  posteriorly,  bnt  the  zygomatic 
arches  are  only  moderately  expanded.  There  is  no  post-orbital 
process. 

"  The  nasal  bones  are  greatly  elongated,  being  nearly  half 
the  length  of  the  entire  sknlL  They  project  forward  over  the 
anterior  nares,  and  overhang  the  premaxillaries.  They  are 
thick  and  massive  bones,  especially  in  front,  and  are  united 
together  by  a  nearly  straight  suture. 

"  The  anterior  extremity  of  the  nasal  bones,  in  both  Dvao- 
ceras  and  Tmoceras^  is  formed  of  an  osseous  projection, 
pointing  forward  and  downward,  and  situated  in  front  of  and 
Delow  uie  nasal  protuberances.  Several  specimens  in  the  Yale 
Museum  show  tnat  this  projection  is  formed  of  two  separate 
ossifications,  each  in  front  of  its  respective  nasal  bone. 


FiGUBB  2. — Skull  of  Dinoceras  mirabUe^  Marsh ;    seen  from  the  left     One-sixth 
natural  size. 

"  These  bones  are  a  peculiar  feature  in  the  skull  of  Dmo- 
cerata^ and  may  be  called  the  pre-nasal  bones.  In  very  young 
animals,  thev  are  unossified;  in  adult  animals,  thepr  are  dis- 
tinct, as  in  tne  specimen  figured ;  but  in  very  old  ammals  they 
become  coosaifiea  with  the  nasals,  and  with  each  other. 
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Figure  :<. — Nasals  of  Dinoceras  mirabile.  Marsh  ;  type  specimen. 
FiouRB  4. — Nasals   of  Ttnocercts  annectens,   Marsh.      Both  figures  are  one-fifth 
natural  size,     a,  side  view;  b,  top  view;  c,  front  view. 


FiQUBE  6. — Posterior  surface  of  skuU  of  Dinoceras  mirabile,  Marsh. 

Figure  6. — Posterior  surface  of  skull  of  Tinoceras  ingens,  Marsh.      Both  figures  are 

one-eighth  natural  size,    c,  occipital  condyle;  /,  foramen  magnum ; 

/,  lateral  crest ;  o,  occipital  crest;  p,  post-tympanic  process ;  t,  crest 

behind  temporal  fossa. 
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^^  The  frontal  bones  in  Dmoceras  rm/rabiZe  are  shorter  than 
the  nasals.  In  all  of  the  known  skulls  of  the  Dmocerata^  the 
median  suture  uniting  the  two  frontals  is  entirely  obliterated. 
The  suture  joining  them  with  the  nasals  in  front,  and  with  the 
maxillaries  on  the  side,  is  distinct  in  the  type  of  Dmoceras. 


FiGUBB  7.— Skull  of  Dinoceras  mirabUe,  Marsh  ;  with  brain-cast  in  natural  posi- 
tion; seen  from  above. 

Figure  8. — The  same  view  of  a  yo\m%  specimen  of  Dinoceras  distans.  Marsh.  Both 
figures  are  one-eighUi  natural  size.  /,  frontal  bone ;  m,  maxillaiy 
bone ;  m^  maxillary  protuberance ;  fi,  nasal  bone :  n^,  nasal  pro- 
tuberance ;  jj,  parietal  bone ;  j?',  parietal  protuberance ;  pm,  pre- 
mazillary  bone ;  5,  supra-occipital  crest. 

"  The  maxillary  bones  form  a  large  portion  of  the  lateral  sur- 
face of  the  skull.  They  contain  all  the  teeth,  except  those  of 
the  lower  jaw,  and  also  expand  into  the  large  median  pair  of 
osseous  elevations,  or  horn-cores. 

"  In  one  young  specimen,  the  f ronto-parietal  suture  is  still 
open,  and  passes  m  a  nearly  straight  line  across  the  top  of  the 
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craninm  just  in  front  of  the  summit  of  the  cerebral  hemis- 
pheres. It  also  divides  the  posterior  elevations,  or  horn-cores, 
BO  as  to  leave  the  anterior  part  of  them  on  the  f  rontals,  and 
the  posterior  and  highest  portion  on  the  parietals. 

"In  all  of  the  crania  of  the  Dinocerata  examined,  the 
parietal  bones  are  firmly  united  to  each  other  on  the  medial 
une,  and  with  the  supra-occipital  behind.  *  *  *  *  On  the  sides 
of  the  cranium,  the  parietals  form  the  upper  portion  of  the 
large  temporal  fossse. 


FiGURiE  9. — Side  view  of  skull  of  TVnocertw  pugnaxj  Marsh.  ODe-eifchth  oatund 
size,  m^  maxillary  protuberance ;  me,  external  auditory  meatus ; 
n^  nasal  protuberance;  o,  occipital  condyle;  p\  parietal  pro- 
tuberance ;  pmj  premaxillary  bone ;  jm,  prenasal  ossicle. 

I 

"  The  occipital  region  in  all  the  known  Dinocerata  is  large, 
elevated,  and  sub-quadrate  in  outline.  It  varies  much  in  shape 
and  size  in  the  diSerent  genera  and  species,  and  two  of  the 
principal  forms  are  represented  in  the  ngures  below. 

"  The  malar  bone  completes  the  anterior  portion  of  the  zygo- 
matic arch,  extending  to  the  front  of  the  orbit.  The  suture 
uniting  the  malar  witn  the  maxillary  remains  distinct  till  adult 
life,  and  may  usually  be  traced,  even  in  old  animals.  This 
forward  extension  of  the  malar  b6ne  is  a  general  ungulate 
character,  and  quite  diflEerent  from  what  is  seen  in  the  Probos- 
cidians, where  tne  malar  forms  the  middle  portion  only  of  the 
zygomatic  arch. 
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10. 


n. 


f 

FioxTRB  10. — Skull  of  linocercLs  ingens.  Marsh ;  seen  from  below. 

FiouBE  11. — Skull  of  DinocercLS  mirabile^  Marsh  ;  seen  from  below.  Both  figures 
are  one-eighth  natural  size,  a,  anterior  palatine  foramen ;  6, 
palato-maxillary  foramen;  c,  antorbital  foramen;  d,  posterior 
palatine  foramen ;  e,  posterior  nares ;  /,  foramen  magnum ;  /^ 
occipital  foramen;  gr,  stylo-mastoid  foramen;  A,  foramen  laoerum 
posterius ;  t,  vascular  foramen  in  basisphenoid ;  j,  posterior  open- 
ing of  alisphenoid  canal ;  k^  anterior  opening  of  alisphenoid  canal ; 
2,  optic  foramen. 

"  The  lachrymal  is  large,  and  forms  the  anterior  border  of 
the  orbit.  It  is  perforated  by  a  large  foramen.  In  Dlnoceras 
miTdhUe^  this  is  oval  in  outline,  with  the  apex  above.  The 
base  of  the  lachrymal  is  excavated  for  the  posterior  opening  of 
the  large  antorbital  foramen. 
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"  The  large  canine  tusk  is  entirely  enclosed  in  the  maxillary, 
and,  in  the  genus  DinoceraSj  its  root  extends  upward  into  the 
base  of  the  maxillary'  horn-core.  In  all  known  Dinocerata^ 
there  is  a  diastema  between  the  upper  canine  and  the  pre- 
molars. 

13. 
12. 


FiauBE  12. — Horizontal  section  of  skull  of  Tinoceras  crassifrons.  Marsh. 

Figure  l.'t. — Horizontal  section  of  skull  of  Dinoceras  UUieeps^  Marsh;  (female). 
Both  figures  are  one  eighth  natural  size,  a,  cavity  behind  base 
of  canine  tooth;  6,  brain-cavity;  c,  alveole  of  canine  tooth;  / 
anterior  olfactory  chamber ;  /',  posterior  olfactory  chamber ;  m', 
maxillary  protuberance ;  n,  nasal  bones ;  n^  nasal  protuberance ; 
p\  parietal  protuberance. 

"  The  premaxillary  bones  are  edentulous,  and,  even  in  young 
specimens,  contain  no  teeth.  *  *  *  The  premaxillaries  vary 
much  in  form  in  the  different  genera  and  species  of  Dinocerata. 
Two  of  the  principal  forms  are  shown  in  figures  10  and  11." 

The  palate  is  very  narrow,  and  much  excavated,  especially  in 
front.  The  bony  palate  extends  back  as  far  as  the  last  upper 
molar,  and,  in  some  specimens,  beyond.     It  is  deeply  exca- 
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vated  on  each  side  in  the  region  of  the  diastema,  and  near  the 
posterior  part  of  each  excavation  on  either  side  is  situated  a 
large  foramen,  which  may  be  called  the  palato-maxillary  foramen. 
"In  the  type  of  Dinocercbs^  the  palatine  fossa  of  the  poste- 
rior nares  is  roofed  over,  so  that  the  passage  from  the  palate 
into  the  large  nasal  cavities  above  leads  forward  and  upward, 
as  fehown  indistinctlv  in  figure  11.  In  Tinoceras  ingens  and 
Tinocerae  pugnax^  tne  roof  of  this  fossa  is  excavated  in  front 
by  a  pair  of  oval  apertures,  and,  through  these,  the  posterior 
nares  open  directly  upward,  as  represented  in  figure  10. 

14. 


FiocRE  14. — Vertical  median  longitudioal  section  of  skull  of  Dinoceras  mirabile. 
Marsh.  One-eighth  natural  size.  6,  brain-cavity;  /,  frontal 
bone;  m,  maxillary  bone;  m^  maxillary  protuberance;  n,  nasal 
bone;  n\  nasal  protuberance;  o,  occipital  condyle:  p,  parietal 
bone;  p^  parietal  protuberance;  pg,  post-glenoid  process;  pi, 
palatine  bone ;  pm,  premaxillary  bone ;  pt,  pterygoid  bone ;  5, 
supra-occipital  crest. 

The  Lower  Jaw. 

"  The  lower  jaw  in  Dinoceras  is  as  remarkable  as  the  skull. 
Its  most  peculiar  feature  in  the  male  is  a  massive  decurved  pro- 
cess on  each  ramus,  extending  downward  and  outward.  These 
long,  pendent  processes  were  apparently  to  protect  the  upper 
canine  tusks,  which  would  otherwise  be  very  liable  *to  be 
broken.  *  *  *  *  In  the  female,  this  process  is  much  reduced 
in  size,  but  is  quite  suflScient  to  protect  the  diminutive  tusk 
which  overlaps  it. 
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15. 


16. 
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"Another  remarkable  feature  in  the  lower  jaw  of  the  Di/ao- 
cerata  is  the  posterior  direction  of  the  condyles,  hitherto  un- 
known in  Ungulates. 

"In  the  ^nus  DinooeraSj  there  are  three  incisor  teeth,  and  a 
small  incisiform  canine  on  each  side,  forming  a  continuous 
series  at  the  front  extremity  of  the  lower  jaw.  These  are  all. 
of  moderate  size,  and  inclined  well  forward,  as  in  the  ruminant 
mamma]&  Behind  this  series,  and  immediately  over  the  de- 
pendent process,  is  a  long  diastema.  Further  hack,  there  are 
three  premolars,  and  three  molars,  forming  together  a  close 
aeries.  This  is  the  dentition,  essentially,  in  the  lower  jaw  of 
both  Dinoceras  and  Tinoeeras. 

"In  the  genus  TmoceraSy  the  same  general  characters  of  the 
lower  jaws  are  seen.  In  the  male,  the  pendent  process  is  large 
and  elongate,  but  less  massive  than  in  the  genus  Dmooeras^ 
and  its  lower  outline  less  regularly  rounded.  This  corresponds 
with  the  position  of  the  large  upper  canine  tusk,  which  it  pro- 
tects. 

"  In  the  female  of  TmoceraSj  the  pendent  process  is  much 
reduced,  its  size  in  all  cases  corresponding  to  the  size  of  the 
canine  tusk  above. 

"  That  the  same  relation  in  size  between  the  tusk  and  pro- 
cess below  it,  holds  equally  in  both  the  eenera  Dinoceras  and 
TinoceraSy  is  conclusively  shown  by  various  specimens  in  the 
Tale  Museum. 

Thb  Tbeih. 

"  The  teeth  of  the  Dinooerata  constitute  one  of  their  most 
interesting  features. 

"In  the  genus  DinoceraSy  the  dentition  is  represented  by 
the  f oUowing  formula : 

Incisors  —,  canines  --,  premolars  —,  molars  -  =  34. 
3  1  3  3 

"  So  far  as  now  known,  the  same  formula  applies  equally  well 
to  the  genus  Tmoceras, 
"In  Omtatherium,  the  dentition  is  apparently  as  follows: 

Incisors  — ,  canines  -,  premolars  -,  molars  -  =  36. 

"In  none  of  the  Dinocerata  have  any  upper  incisors  been 
found,  even  in  the  youngest  specimens.  The  premaxiUary 
bones  appear  to  be  entirely  edentulous. 
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17. 


Figure  17. — Incisor  of  Dinoceras  mirabUe^  Marsh.     Natural  size. 
b,  top  view ;  c,  antero-posterior  view. 


18. 


19. 


:) 


Figure  18.  — Upper  canine  of  Dinoceras  laticeps,  Marsh;  (male). 

Figure  19. — Upper  canine  of  Dinoceras  laticeps  (female).  Both  f 
one-fourth  natural  size,  a,  lateral  view,  showing  oul( 
6,  inner  surface;  b'  b",  sections;  c,  front  view. 
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"  In  the  lower  jaw  of  all  the  known  Dinocerata^  there  are 
three  well  developed  incisors  on  each  side.  They  are  inserted, 
each  by  a  single  root,  and  are  procumbent,  all  directed  well 
forward. 

"The  superior  canines  of  Dinoceras  are  long,  decurved, 
trenchant  tusks.  The  crown  is  covered  with  enamel,  and  the 
root  extends  upward  into  the  base  of  the  maxillary  protuber- 
ance, or  horn-core.  When  the  animal  is  young,  these  tusks 
grow  from  a  persistent  pulp,  but,  in  old  age,  the  cavity  becomes 
nearly  closed.  In  the  male,  these  tusks  are  large  and  powerful, 
and  extend  downward  nearly  or  quite  to  the  extremity  of  the 
pendent  process  of  the  lower  jaw. 

20. 


"Jn  the  female  of  Dinoceras^  the  upper  canines  are  small 
and  slender,  and  protrude  but  little  below  the  jaw." 

The  crowns  of  the  upper  premolar  and  molar  teeth  in  Dino- 
ceras^  and,  in  fact,  in  all  of  the  known  Dinocerata^  are  remark- 
ably short,  with  the  roots  well  developed,  forming  a  true 
brachyodont  dentition,  as  in  all  early  Tertiary  ungulates. 

"  In  each  ramus  of  the  lower  jaw  of  Dinoceras^  there  is  a 

close  series  of  six  teeth,  three  of  which  are  premolars,  and 

three  true  molars.     These  are  all  inserted  each  by  two  roots 

This  is  also  true  of  the  genus  Tinocerds, 

Am.  Jour.  Sol— Third  Series,  Vol.  XXIX,  No.  171,  March,  1885. 
13 
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"  The  molar  teeth  in  Dvnocerata  appear  to  resemble  more 
closely  the  corresponding  teeth  in  the  genus  Coryphodon  than 
those  of  any  other  animal.  The  general  dentition,  however,  is 
quite  distinct  Coryphodon  has  well  developed  upper  incisors, 
and  a  medium  sized  upper  canine,  thus  differing  widely  in 
these  features  from  the  Dinocerata. 

22. 


23. 


FIOUBB  22.~Skull  of  TSnoceras  ingens.  Marsh;  with  brain-cast  in  position;  seen 
from  above. 

FiauRE  23. — Skull  of  Dinoceras  laticeps,  female ;  with  brain-cast  in  position.  Both 
flfCiires  are  one-eighth  natural  size.  /  frontal  bone ;  m,  maxillary 
bone ;  m%  maxillary  protuberance :  «,  nasal  bone ;  n',  nasal  pro- 
tuberance; p,  parietal  bone;  p^  parietal  protuberance;  pm^  pre- 
maxillary  bone. 

The  Bbain. 

"The  brain  of  the  Dinocerata  is  one  of  the  most  peculiar 
features  of  the  group.  It  is  especially  remarkable  for  its 
diminutive  size.     It  was  proportionately  smaUer  than  in  any 


Digitized  by 


Google 


Professor  MarsKs  Monograph  of  the  Dinocerata,     191 

other  known  mammal,  recent  or  fossil,  and  even  less  than  in 
some  reptiles.  It  was,  indeed,  the  most  reptilian  brain  in  any 
known  mammal  In  JDinoceras  mirahUe^  tne  entire  brain  was 
actually  so  diminutive  that  it  could  apparently  have  been 
drawn  through  the  neural  canal  of  all  the  pre-sacral  vertebrae, 
certainly  through  the  cervicals  and  the  lumbars. 

24.  25. 


FiGUBE  24.— Skull  o( Limtiohyus  robusfus,  Marsh.     Middle  Eocene. 
Figure  25. — Skull  of  Amynodon  advenus,  Marsh.     Upper  Eocene. 

"  The  size  of  the  entire  brain,  as  compared  with  that  of  the 
cranium,  is  shown  in  the  accompanying  cuts,  figures  7,  8,  and 
23.  The  size  of  the  brain  cavity,  and  its  position  in  the 
skull  in  the  genus  Tinoceras,  also,  is  represented  in  figure  22. 

"  The  most  striking  feature  in  the  brain  cavity  itself  is  the 
relatively  small  size  of  the  cerebral  fossa,  this  being  but  little 
larger  than  the  cerebellar  portion. 

"The  cerebral  hemispheres  did  not  extend  at  all  over  the 
cerebellum  or  the  olfactory  lobes.  The  latter  were  large,  and 
continued  well  forward. 
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"  The  nervee  passing  off  from  the  brain  were  large,  and  can 
be  made  out  with  reasonable  certainty.  The  olfactory  lobes 
were  separated  in  front  by  an  osseous  septum,  the  position  of 
which  is  shown  distinctly  in  figure  22. 

"  In  the  genus  TinoceraSj  the  brain  was  similar  in  its  general 
characters  to  that  of  Dinoceras,  but  appears  to  have  been  some- 
what more  highly  developed.  The  hemispheres  were  more 
elongate,  and  tne  olfactory  lobes  relatively  smaller. 


FiGUBK  26. — Skull  of  Mastodon  Americanua,  Cuvier.    Pliooene. 

Brain  Growth. 

"  The  Dinocerata  are,  by  far,  the  largest  of  all  known  Eocene 
animals,  and  that  they  have,  also,  a  very  diminutive  brain  is  a 
noteworthy  fact,  which  attracted  the  author's  attention  soon 
after  their  discovery. 

"  The  comparison  of  the  brain  in  this  group  with  that  of  other 
mammals  from  the  same  formation  soon  showed  that  the  Diruh 
cerata  although  most  remarkable  in  this  respect,  were  not 
alone  in  diminutive  capacity  of  brain  power.  A  more  ex- 
tended comparison  led  to  the  fact  that  all  the  early  Tertiary 
mammals  had  very  small  brains. 
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"The  resalts  of  this  investigation  were  embodied  by  the 
author  in  a  general  law  of  braiiyrrowth  in  the  extinct  mam- 
mals throughout  Tertiary  time.  Tnis  law,  briefly  stated,  was 
as  follows : 

27.  28. 


FieuRB  27. — Skull  of  Elotherium  crasaum,  Marsh.     Miocene. 
Figure  28.  —Skull  of  PkUygonus  compresatu,  LeConte.     Pliocene. 

1.  All  Tertiary  mammals  had  small  brains. 

2.  There  was  a  gradual  increase  in  the  size  of  the  brain  dur- 
ing this  period. 

3.  This  increase  was  confined  mainly  to  the  cerebral  hemi- 
spheres, or  higher  portion  of  the  brain. 

4.  In  some  groups,  the  convolutions  of  the  brain  have  grad- 
ually become  more  complex. 

5.  In  some,  the  cerebellum  and  the  olfactory  lobes  have 
even  diminished  in  size. 

6.  There  is  some  evidence  that  the  same  general  law  of  brain 
growth  holds  good  for  Birds  and  Keptiles  from  the  Cretaceous 
to  the  present  time.* 

♦This  Journal,  vol.  viii,  p.  66,  Julj,  1874;  and  vol.  xii,  p.  61,  July,  1876;  also 
OdoDtoraiihM,  p.  10,  1880. 
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"  The  author  has  since  continued  this  line  of  investigation, 
and  has  ascertained  that  the  same  general  law  of  brain  growth 
is  true  for  Birds  and  Reptiles,  from  the  Jurassic  to  the  present 
time." 

The  small  size  of  the  brain  in  early  Tertiary  mammals  wiU 
be  indicated  by  an  examination  of  the  Dmocerata  skulls,  with 
the  brain  in  position,  shown  in  figures  22,  23.  This  is  further 
shown  by  figures  24—28,  which  represent  the  skull  and  brain- 
cast  of  various  Tertiary  Mammals. 

29.  30. 


31.  32. 


FiGDRB  29.— Axis  of  Dinoceras  mirabiie^  Marsh ;  front  view. 

Figure  30. — The  same  vertebra ;  side  view. 

Figure  31. — Cervical  vertebra  of  Tinoceras  grande.  Marsh ;  front  view. 

Figure  32.— The  same  vertebra;  side  view.    All  the  figures  are  one-fourth  natural 

size,    a,  face  for  atlas ;  /  lateral  foramen ;  n  c,  neural  canal ; 

0,  odontoid  process ;  5,  neural  spine :  z,  anterior  zygapophysis ; 

z'y  posterior  zygapophysis. 

The  Vertebra. 

"The  cervical  vertebrae  of  the  Dmocerata^  in  their  main 
characters,  resemble  those  of  the  Proboscidians.  The  atlas 
and  axis  are  somewhat  similar  to  those  of  the  elephant     The 
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rest  of  the  cervicals  are  proportionally  longer.  The  entire 
neck  was  about  one-third  longer  than  in  the  elephant,  thus  ren- 
dering a  proboscis  unnecessary,  as  the  head  could  readily  reach 
the  ground. 

"All  the  presacral  vertebrae,  behind  the  atlas  and  axis,  have 
the  articular  faces  of  the  centra  nearly  flat,  as  in  the  typical 
Proboscidians. 

"  The  trunk  vertebrse  in  the  Dinocerata  are  proportionally 
longer  than  those  in  the  cervical  region.  The  articular  faces 
of  the  centra  are  likewise  nearly  flat,  the  most  of  them  being 
distinctly  concave. 

33.  34. 


FiQUEB  33. — Second  dorsal  vertebra  of  Dinoceraa  mirabUe^  Marsh;  front  view. 
Figure  34. — The  same  vertebra;  side  view,    n,  neural  canal;  «,  neural  spine; 
s/f  posterior  zygapohysis. 

The  Fore  Limb& 

"The  limb  bones  in  the  Dinocerata  are  nearly  or  quite  solid, 
and  this  is  true  of  all  the  skeleton,  a  portion  of  the  skull  alone 
excepted. 

"The  fore  limbs  in  the  Dinoceraia  have  a  general  resem- 
blance to  those  of  Proboscidians. 

"  The  fore  foot  in  all  the  Dinocerata  is  larger  than  the  hind 
foot.  The  bones  composing  it  are  comparatively  short  and 
massive.  There  were  five  weU-developed  digits,  as  in  Probos- 
cidians, but  the  carpal  bones  were  interlocked  with  the  meta- 
carpals, as  in  Perissodactyls.  The  general  appearance  of  the 
fore  foot  in  Dinoceras  mirahil'e  is  well  shown  in  figure  36. 
The  hind  foot  is  represented  in  figure  36.  The  feet  were  plan- 
tigrade, as  in  the  elephant. 
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"  There  are  eight  separate  carpal  bones  in  the  fore  foot  of  all 
the  Dinocerata^  and  a  ninth,  the  central  bone,  may  be  separate 
in  very  young  animals,  and,  in  adults,  either  lost  or  consohdated 
with  the  scaphoid,  or  the  trapezoid.  *  *  *  *  The  metaci^al 
bones  in  the  Dmocerata  are  short  and  robust.  *  *  *  *  The 
phalanges  in  the  fore  foot  of  the  Dinocerata  are  very  short, 
and  comparatively  small. 

"  Sternal  bones  are  preserved  in  a  number  of  individuals  of 
the  Dinocerata  in  the  Yale  Museum,  but  the  entire  series  in 
any  one  individual  has  not  been  recovered.  *  *  *  *  The  most 
marked  character  of  these  bones  in  the  Dinocerata  is  that  they 
are  flat  and  horizontal,  as  in  the  Artiodactyls,  and  not  vertical, 
as  in  the  Proboscidians,  and  the  Perissodactyls." 

The  pelvis  in  the  Dinocerata  has  a  general  resemblance  to 
that  of  the  elephant.  The  ilia  were  widely  expanded,  as  in 
that  animal.     There  are  four  sacral  vertebrae. 

35. 

36. 


jy 


Figure  35. — Left  fore  foot  of  ZHnoceras  mirahile^  Marsh. 

FiouBE  36. — Left  hind  foot  of  the  same.    Both  figures  are  ODe-flfth  natural  sise. 

The  Hind  Limbs. 

"  The  hind  limbs  of  the  Dinocerata  have  a  general  resem- 
blance to  those  of  Proboscidians,  but  the  bones  composing  them 
are  comparatively  shorter,  and  more  robust.  When  the  animal 
waa  standing  at  rest,  the  posterior  limb  formed  a  strong  and 
nearly  vertical  column. 

"  The  hind  feet  in  the  Dinocerata  were  considerably  smaller 
than  those  in  front.  *  *  *  *  There  were  five  digits,  as  in  the 
Proboscidians,  and  the  axis  of  the  foot  was  through  the  third, 
or  middle,  digit. 
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"  There  are  seven  well  developed  tarsal  bones  in  the  Dmoce^ 
rata^  and  their  relative  position  in  the  hind  foot  is  seen  in 
figure  36.  *  *  *  *  An  eighth  tarsal  bone,  the  tibiale,  appears 
to  have  been  present. 

"The  astra^alns  in  the  Dinocerata  considerably  resembles 
that  of  the  elephant,  the  bone  being,  as  in  that  animal,  very 
short,  along  the  axis  of  the  leg  and  foot 

"  The  calcanenm  is  short,  and  comparatively  more  robust  than 
in  the  elephant.  As  in  that  animal,  it  is  strongly  tuberculated 
below,  where,  during  life,  it  doubtless  supported  a  thick  pad, 
resting  on  the  ground." 

Rbstobations. 

From  Chapter  XIII,  on  the  restorations  of  Dinoceras  and 
TinoceraSy  the  following  extracts  are  selected  : 

"  In  the  restoration  of  Dmoceras  rwi/rabile  on  Plate  LV,  the 
remains  of  the  type  specimen  of  the  species,  a  fully  adult,  but 
not  old  individual,  have  been  used  tor  the  more  important 
parts,  and  the  remaining  portions  taken  from  other  individuals. 
This  restoration  is  one-eighth  natural  size. 

"  The  animal  is  represented  as  walking,  and  the  position  of  the 
head,  and  the  feet,  nas  been  chosen  to^show,  to  the  best  ad- 
vantage, these  portions  of  the  skeleton  as  they  were  in  life.  In 
this  restoration,  only  those  portions  are  shaded  which  are  repre- 
sented by  actual  specimens  m  the  Yale  Museum.  The  parts  in 
outline  are  wanting,  or  are  so  poorly  preserved  that  only  their 
main  features  can  be  given  with  accuracy. 

"In  the  restoration  of  Tiiwceras  inffens,  Plate  LVI,  the 
animal  is  represented  onensixth  natural  size,  and  standing  at 
rest.  The  position  here  chosen  shows  the  massive  and  ma- 
jestic form  of  one  of  the  largest  individuals  of  this  remarkable 
group."   A  reduced  copy  of  this  restoration  is  given  in  figure  3Y. 

"  In  comparing  Dinoceras^  as  here  restored,  with  some  of  the 
lai^est  ungulate  mammals  of  the  present  day,  a  certain  resem- 
blance to  the  rhinoceros  on  the  one  nand,  and  to  the  elephant  on 
the  other,  will  naturally  suggest  itself.  In  size  and  proportions, 
Dinoceras  was  intermediate  between  these  two  existing  animals, 
and,  in  various  points  of  its  structure,  it  resembled  the  one  quite 
as  much  as  the  other.  In  still  other  features,  Dinoceras  re- 
sembled the  hippopotamus 

"  lu  its  stature  and  movements,  Dinoceras  mobdXAy  resembled 
the  elephant  as  much  as  any  other  existing  form.  Its  remarkar 
We  skull,  longer  neck,  and  more  bent  fore  limbs,  gave  it,  how- 
ever, a  very  different  appearance  from  any  known  r roboscidian. 
The  high  protuberances,  or  horn-cores,  on  the  head,  the  long, 
trenchant,  canine  tusks,  and  the  peculiar  lower  jaw  modified  for 
thei-  protection,  are  features  seen  together  only  in  this  group. 
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"  The  neck  was  long  enough  to  permit  the  head  to  reach  the 
ground,  and  hence  a  proboscis  was  quite  unnecessary.  The 
horizontal  narial  opening,  the  long  overhanging  nasal  bones,  and 
the  well  developea  turbmal  bones,  are  likewise  proof  positive 
against  the  presence  of  such  an  organ.  There  is  some  evidence 
of  a  thick  flexible  lip,  r^Bsembling,  perhaps,  that  of  the  existing 
rhinoceros. 

''  The  remarkably  small  brain,  and  the  heavy  massive  limbs, 
indicate  a  dull,  slow-moving  animal,  little  fitted  to  withstand 
marked  changes  in  its  environment,  and  hence  it  did  not  sur- 
vive the  alterations  of  climate  with  which  the  Eocene  period 
closed. 

'^  Both  the  animals  chosen  for  these  two  restorations  were 
evidently  males,  as  shown  by  the  lofty  protuberances,  or  horn- 
cores,  on  the  skull,  and  jkhe  powerful  canine  tusks.  In  the 
females,  these  parts  are  but  feebly  developed,  as  shown  in  the 
specimens  described  in  the  preceding  chapters.  The  individ- 
uals here  restored  were  certainly  thnce-armed,  and  well  fitted 
to  protect  themselves,  and  their  weaker  associates,  from  any  of 
their  Eocene  enemies. 

"  The  exact  form  and  nature  of  the  offensive  weapons  which 
surmounted  the  head  'of  the  Dvnocerata  cannot,  at  present,  be 
determined  with  certainty.  That  the  paired  osseous  elevations 
seen  on  the  skull  in  all  the  known  species  of  this  group  did  not 
support  the  kind  of  horns  seen  in  the  typical  xluminants  is 
evident  frcnn  their  external  surface,  whicn  lacks  the  vascular 
grooves  so  distinct  on  the  horn-cores  of  those  animals. 

"  Possibly,  the  Dinocerata  may  have  been  armed  with  horns 
similar  to  those  seen  in  the  American  antelope  (AntilocaprcC)^ 
since,  in  this  animal,  the  horn-cores  are  even  smootner  than  m  the 
order  here  described.  More  probably,  however,  the  bony  pro- 
tuberances on  the  skull  were  covered  with  bossfes  of  thick  son, 
hard  enough  to  be  effective  in  combat.  Evidence  of  such 
contests  has  apparently  been  recorded  in  the  injuries  to  the 
horn-cores  of  some  individuals,  received  during  lite.  None  of 
the  covering  of  these  elevations,  or  horn-cores,  has,  of  course, 
been  preserved ;  yet  a  fortunate  discovery  may,  perhaps,  reveal 
their  nature  bjr  the  form  of  a  natural  cast,  as  the  eye-baU  of 
the  Oreodon  is  sometimes  thus  clearly  indicated  in  the  fine 
Miocene  matrix  which  occasionally  envelops  these  animals. 

"  The  short  robust  feet  of  the  Dinocerata  were  doubtless 
covered  below  with  a  thick  pad,  as  in  the  elephant,  since  the 
whole  under  side  of  the  foot  clearly  indicates  such  a  protection. 
No  portion  of  this  covering  has  been  preserved  in  any  of  the 
known  specimens,  and  no  foot-prints  indicating  its  form,  have 
been  discovered,  in  the  Eocene  deposits  in  wnich  the  Di/noo- 
erata  were  entombed." 
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The  size  of  Tinoceras  ingens^  as  he  stood  in  the  flesh,  was 
about  twelve  feet  in  length,  or  sixteen  measured  from  the 
nose  to  the  end  of  the  tail.  The  height  to  the  top  of  the  back 
was  about  six  and  one-half  feet,  and  the  width  across  the  hips 
about  five  feet.  The  weight,  judging  from  that  of  existing 
mammals,  was  about  six  thousand  pounds. 

^^Dvaoceras  mvrabUe  was  about  one-fifth  smaller.  The  neck 
was  longer,  but,  in  other  respects,  the  proportions  were  nearly 
the  same." 

37. 


Figure  37. — Restoration  of  Tinoctfras  ingens,  Marsh.     One-thirtieth  natural  size. 

The  concluding  chapter,  XIV,  contains  a  full  discussion 
of  the  genealogy  of  ungulate  mammals  in  general,  and  the 
relations  of  the  Dinocerata  to  other  groups.  We  quote  as 
follows : 

"  Our  present  knowledge  of  the  Mammalia,  living  and  extinct, 
clearly  indicates  that  thev  must  go  back  at  least  to  the  Permian. 
The  generalized  mammal  of  that  period,  or  of  still  earlier  time, 
was  probably  quite  small,  and,  in  many  respects,  like  an  Insecti- 
vor.  This  primitive  type  would  naturally  possess  all  the 
general  characters  found  in  later  forms  in  the  various  orders 
of  mammals. 

'*  This  generalized  mammal  would  belong  to  the  group  named 
Hypotheria  by  Huxley,  who  has  laid  a  sure  foundation  for  in- 
vestigation in  this  line  of  research. 
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Genkalogy  of  Ungulates. 

"  From  this  primitive  type  of  mammal,  a  special  line  appar- 
ently led  off  throngh  the  Tnassic  and  Jurassic  to  the  Cretaceous, 
where  it  formed  a  well-marked  group,  which  may  be  called 
the  ProtunguUUa^  the  probable  ancestors  of  all  succeeding 
ungulate  mammals. 

"  From  this  generalized  ungulate,  the  skeleton  of  which  we 
now  know  almost  as  well,  apparently,  as  if  we  had  it  before  us,  a 
direct  line  would  appear  to  have  continued  up  to  the  present 
day,  and  be  represented  bv  the  living  Hyrax.  Several  diverg- 
ent lines  passed  off  probably  from  the  same  stem,  and  three  of 
these  have  continued  to  the  present  time,  the  survivors  being 
the  Prdbosddia^  the  Artiodactyla,  and  the  Perissodactyla. 

38. 


Hyrae. 


Ptriss. 


FiGUBE  38. — DiaRjam  to  yinstrate  tbe  genealo^ry  of  Ungulate  Mammals. 

''Another  order,  also,  which  may  be  termed  the  Amblydac- 
tyla^  passed  off  apparently  from  tlie  main  ungulate  stem  in  the 
Cretaceous,  and  became  extinct  in  the  Eocene.  One  branch  ter- 
minated in  Coryphodonj  in  the  lower  Eocene,  and  the  other, 
represented  by  tne  Dlnocerata  here  described,  came  to  an  end 
in  the  middle  Eocene. 
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In  figure  38,  above,  a  diagram  is  given,  which  shows  graphi- 
cally these  lines  of  descent,  and  the  most  probable  genealogy  of 
moaem  nngulates.  The  diagram,  being  on  a  plane,  can  only 
indicate  the  general  position  of  these  divergent  lines. 

"  From  this  gronp  came  off,  evidently  in  the  late  Cretaceous, 
first  the  Coryphodontia^  having  nearly  all  the  above  characters, 
and  becoming  extinct  in  the  early  Eocene. 

*'  The  ZHnocerata  probably  branched  off  about  the  same  time, 
and  survived  to  the  middle  Eocene,  thus  becoming  much  more 
specialized  before  their  extinction. 

"Accepting  this  general  view  of  the  origin  of  the  Ungulates, 
living  and  extinct,  their  classification  has  been  outlined  in  the 
diagram  on  page  200. 

"  The  attempts  hitherto  made  to  give  a  detailed  classification 
of  all  the  Mammalia,  living  and  extinct,  have  signally  failed, 
mainly  because  only  a  small  part  of  even  the  extinct  forms  now 
known  were  included,  and  almost  every  new  discovery  tended 
to  break  down  the  definitions  so  systematically  recorded.  The 
time  for  such  an  exhaustive  classification  has  not  yet  arrived, 
and  all  that  can  be  safely  ventured  upon  in  the  present  state  of 
knowledge  is  to  indicate  the  main  groups  and  their  affinities, 
and  await  future  discoveries. 

"  Excluding  the  aberrant,  aquatic,  Sirenians,  now  regarded  as 
of  nngulate  ancestry,  and  leaving  out  also  Toxodon  and  other 
little  known  extinct  forms,  the  ungulate  mammals  may  then  be 
arranged  in  natural  groups,  as  follows  : 

CLASS  MAMMALIA. 

Sub-Class  MONODELPHIA. 

Super-Order  Ungulata. 
(1.)  Order  Hyracoidea, 
(2.)  Order  Proboscidea. 

,4.)  O^ier  ainod.e.,1.  {  S^Sc^S^t'' 

'^  The  characters  found  in  existing  mammals,  and,  to  a  great 
extent,  in  the  extinct  forms  from  tne  Tertiary  to  the  present 
time,  are  clearly  of  two  kinds;  general  characters,  derived 
from  ancestral  forms,  and  special  characters,  acquired  in  adapta- 
tion to  their  environment.  Some  of  the  latter  may  be  negative 
characters,  acquired  by  the  disuse,  or  loss,  of  parts  once  advan- 
tageous. 

"  The  first  series  of  characters  are  of  most  importance,  as 
thev  indicate  a  genetic  connection,  perhaps  remote,  with  the 
different  groups  that  share  them.     Special  characters,  on  the 
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other  hand,  however  cloeel^  they  may  correspond  in  different 
groups,  do  not  necessarily  indicate  affinities,  but  may  have  been 
acquired  by  adaptation  to  peculiar  surroundings,  in  groups  quite 
distinct  from  each  other. 

'^  These  facts  lie  at  the  foundation  of  classification,  and  it  is 
only  by  keeping  the  two  series  of  characters  separate,  that  the 
true  relationship  between  different  groups  of  animals  can  be 
made  out,  and  their  genealogy  indicated  with  any  probability. 

Modification  op  the  IJNauLATK  Foot. 

^^  In  the  true  ungulate  mammals,  the  modifications  of  the  foot 
have  undoubtedly  taken  place  very  nearly  in  the  following 
manner : 

(1.)  The  primitive  Ungulates  {Prolmigulaia)  must  have  had 
plantigrade,  pentadactyl,  feet,  with  the  carpals  and  tarsals  not 
interlocking  either  with  the  metapodial  bones,  or  with  their 
own  adjoining  series.  This  would  give  a  weak  foot,  adapted 
especifdfy  to  progression  in  soft,  swampy  ground. 

(2.)  For  locomotion  on  dry  hard  grouno,  a  stronger  foot  was 
required,  and  a  modification  soon  took  place,  in  the  interlock- 
ing of  the  metapodials  with  the  second  row  of  carpals  or  tar- 
sab  that  supported  them.  Examples  of  nearly  this  stage  are 
seen  in  the  lore  feet  of  Coryphodon^  and  of  Dinoceras  as  shown 
in  fi^re  36. 

(s!)  A  still  stronger  foot  was  produced  by  the  further  inter- 
locking of  both  the  first  and  second  row  of  carpals  and  tarsals, 
as  well  as  the  latter  row  with  the  metapodials  below.  This 
general  type  of  foot  belongs  to  the  Uoloddctyla^  and  is  seen 
also  in  some  of  the  early  Perissodactvls. 

During  these  two  stages  of  modincation,  a  reduction  in  the 
number  of  digits  also  took  place,  evidently  as  a  result  of  the 
same  causes.  The  first  digit,  being  the  shortest  of  the  series, 
soon  left  the  ground,  as  progression  on  dry  land  with  the  plan- 
tigrade five-toed  foot  began,  and  was  gradually  lost. 

The  four  remaining  di^ts,  having  to  do  the  work  of  five, 
were  strengthened  by  the  interlocking  already  mentioned,  and 
also  by  coming  nearer  together. 

(4.^  In  the  next  change  that  took  place,  two  kinds  of  redne- 
tion  oegan.  '  One  leading  to  the  existing  perissodactyl  foot,  and 
the  other,  apparently  later,  resulting  in  the  artiodactyl  type. 
In  ttie  former,  the  axis  of  the  foot  remained  in  the  middle  of 
the  third  digit,  as  in  the  pentadactyl  foot  In  the  latter,  it 
shifted  to  the  outer  side  of  this  digit,  or  between  the  third  and 
fourth  toes.  An  example  of  the  former  is  seen  in  the  fore  foot 
of  Brontotheriurn^  while  Oreodon  shows  the  latter  type. 
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The  position  of  the  axis  is  the  distinctive  feature  between 
these  two  types  of  feet,  and  not  the  nnmber  of  toes,  as  the 
names  usually  applied  to  them  indicate.  In  this  respect,  the 
terms  Artiodactyl  and  Perissodactyl  are  misleading,  and  hence 
the  names  Paraxonia  and  Mesdxonia  were  proposed  by  the 
author,  as  substitutes,  to  express  the  true  axial  relation. 

(5.)  In  the  further  reduction  of  the  perissodactyl  foot,  the 
fifth  digit,  being  shorter  than  the  remaming  three,  next  left 
the  ground,  and  gradually  disappeared.  Of  the  three  remain- 
ing toes,  the  middle,  or  axial,  one  was  the  longest,  and  retaining 
its  supremacy,  as  greater  strength  and  speed  were  required, 
finally  assumed  the  chief  support  of  the  foot,  and  the  outer 
digits  left  the  ground,  ceased  to  be  of  use,  and  were  lost, 
except  as  splint  bones.  The  foot  of  the  existing  horse  shows 
the  best  example  of  this  reduction  in  the  Perissodactyls,  as  it 
is  the  most  specialized  known  in  the  Ungulates. 

(6.)  In  the  Artiodactyl  foot,  the  reduction  resulted  in  the 
gradual  diminution  of  the  two  outer  of  the  four  remaining  toes, 
tne  third  and  fourth  doing  all  the  work,  and  thus  increasing 
in  size  and  power.  The  nfth  digit,  for  the  same  reasons  as  in 
the  perissodactyl  foot,  first  left  the  ground,  and  became  smaller. 
Next,  the  second  soon  followed,  and  these  two  gradually  ceased 
to  be  functional,  or  were  lost  entirely,  as  in  some  of  the  Artio- 
dactyls  of  to-day.  The  foot  of  the  goat  shows  this  extreme 
reduction. 


Extinction  of  Large  Mammals. 

"  During  the  Mesozoic  period,  all  the  mammals  appear  to  have 
been  small,  and  it  is  not  probable  that  any  of  large  size  existed, 
as  reptilian  life  then  reigned  supreme.  With  the  dawn  of  the 
Tertiary,  a  new  era  began,  and  mammalian  life  first  found  the 
conditions  for  its  full  and  rapid  development. 

"In  the  lower  Eocene,  the  largest  land  mammal  was  Cory- 
phodon^  more  than  the  equal,  in  size  and  power,  of  any  of  the 
reptiles  of  that  time.  Dinocerae  and  its  allies,  in  the  middle 
Eocene,  were  much  larger,  and  were  clearly  the  monarchs  of 
the  region  in  which  thev  lived.  In  the  upper  Eocene,  Dipla- 
codon,  about  the  size  of  the  rhinoceros,  was  the  largest  mam- 
mal, but  each  of  these  three  died  out  in  the  period  in  which  it 
flourished. 

"At  the  base  of  the  Miocene,  the  huge  Brontotheridm,  nearly 
as  large  as  the  elephant,  suddenly  appear  in  great  numbers. 
They  remained  for  a  short  time  the  dominant  land  animals, 
and  then  became  extinct. 

"The  Proboscidians  were  the  giants  of  the  Pliocene,  and 
hold  the  supremacy  in  size  to-day,  but  are  evidently  a  declining 
race. 
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"  The  cause  of  the  succesBive  disappearance  of  each  gronp  of 
these  lar^e  Tertiary  mamuials  is  not  difficult  to  find.  The 
small  brain,  highly  specialized  characters,  and  huge  bulk,  ren- 
dered them  incapable  of  adapting  themselves  to  new  condi- 
tions, and  a  change  of  surroundings  brought  extinction.  The 
existing  Proboscidians  must  soon  disappear,  for  similar  reasons. 
Smaller  mammals,  with  larger  brains,  and  more  plastic  stmc- 
ture,  readily  adapt  themselves  to  their  environment,  and  sur- 
vive, or  even  send  off  new  and  vigorous  lines. 

"The  Dmoceraia^^  with  their  very  diminutive  brain,  fixed 
characters,  and  massive  frames,  flourished  as  long  as  the  condi- 
tions were  especially  favorable,  but,  with  the  first  geological 
change,  they  perished,  and  left  no  descendants. 
*******  « 

Classification. 

"  The  Dinocerata  now  known  may  be  placed  in  three  genera : 
Dinoceras,  TinoceraSy  and  Utntatherium,  These  may  be  sepa- 
rated by  characters  of  the  skull,  vertebr®,  and  feet.  There 
are  also  indications  of  several  intermediate  forms,  which  may, 
perhaps,  he  found  to  represent  sub-genera,  when  additional 
specimens  in  good  preservation  are  secured  for  comparison. 
Twenty-nine  species  may  be  distinguished,  mainly  by  the  skull 
alone,  which,  at  present,  offers  the  best  distinctive  characters. 

Sub-order  DINOCERATA,  Marsh. 
Family  Tinocebatid^,  Marsh. 


Dinoceras,  Marsh.  . 

Teeth,  thirty-four. 
Lo  werpremolars,  three. 
Base  of  canine  tusk, 

nearly  vertical. 
Parietal  protuherance, 

above  post-glenoid 

process. 
Cervical  vertebrsB,  less 

elongate. 
Lunar,  articulating 

with  trapezoid. 


Tinoceras,  Marsh. 

Teeth,  thirty-four. 
Lowerpremolar8,three. 
Base  of  canine  tusk, 

horizontal. 
Parietal  protuberance, 

behina  post-glenoid 

process. 
C^^cal  vertebrae, 

short. 
Lunar,  not  articulating 

with  trapezoid. 


Uintathenum,  Leidy. 

Teeth,  thirty-six. 
Lower  premolars,  four. 
Base  of  canine  tusk, 

nearlv  vertical 
Parietal  protuberance, 

above  post-glenoid 

process. 
Cervical  vertebrsB,  of 

moderate  length. 
Lunar,  articulating 

with  trapezoid? 

"  These  three  genera  clearly  represent  three  stages  of  develop- 
ment of  the  Dinocerata^  and  these  stages  correspond  to  the 
successive  horizons  of  the  middle  Eocene  in  which  the  remains 
of  these  animals  were  entombed.  Uintatherium^  the  most 
generalized  type,  is  found  at  the  lowest  level ;  Dinoceras  is 
from  a  somewhat  higher  stratum;  and  Tinoceras,  the  most 
specialized  of  all,  occurs  in  the  latest  deposits." 

In  the  Synopsis  which  follows  this  chapter,  a  systematic  list 
of  all  the  species  of  the  Dinocerata  is  given  in  detail,  and  the 
volume  closes  with  a  Bibliography  of  the  important  literature. 

L.   P.    B. 
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Art.  XXVIL — On  T^dconic  Rocks  and  Stratigraphy^  with  a  Oeo* 
logical  map  of  the  Taconic  region  (Plate  II) ;  by  James  D. 
Dana. 

In  my  papers  of  1873  and  1877,*  on  the  Limestone,  Schists 
and  Quartzyte  of  the  Taconic  region,  I  present  evidence  (1) 
from  the  facts  illustrated  by  various  stratigraphical  sections,  (2) 
from  the  continuity  and  common  features  of  the  conformaole 
series  of  these  rocks  from  north  to  south,  and  (3)  .from  fossils 
existing  (as  made  known  by  others)  in  some  of  the  beds,  that 
these  rocks  are  (A)  of  one  system ;  and  (B)  of  Lower  Silurian 
age;  and  (G)  have  the  Taconic  schists  as  the  upper  member  of 
the  series. 

In  my  work  I  made  no  attempt  to  map  the  region,  since  the 
point  in  view  was  stratigraphical,  with  special  reference  to  the 
**  lithological  canon,"  and  its  illustration  did  not  seem  to 
demand  it  The  evidence  presented  has,  been  questioned  on 
the  ground  (1)  that  the  continuity  of  the  system  is  not  clearly 
established,  and  (2)  that  the  relation  of  the  quartzyte  to  the 
other  rocks  is  not  fully  worked  out.  In  order  to  remove  as  far 
as  may  be,  the  uncertainties  on  these  points,  I  began  over  three 
years  since,  a  new  study  of  the  region,  with  reference  to  its 
stratigraphy  and  geological  structure,  and  the  details  required 
for  the  construction  of  a  geological  map.  Two  papers  in  the 
last  volume  of  this  Journd  contain  results  derived  from  this 
recent  investigation.  In  the  paper  here  begun  I  present  the 
facts  gathered  bearing  on  the  constitution  an'd  stratigraphical 
relations  of  the  rocks,  and  on  their  distribution  and  geograph- 
ical relations,  and  illustrate  the  subjects  by  means  of  the  pre- 
pared map  as  well  as  by  diagrams. 

The  region  is  that  of  the  Taconic  rocks  as  first  laid  down  by 
Professor  Ebenezer  Emmons — these  rocks  including  according 
to  his  original  enunciation  of  his  system :  (1)  Tne  Taconic 
schists  of  the  Taconic  range  and  of  the  subordinate  ridges 
within  the  adjoining  limestone  area ;  (2)  the  limestone  forma- 
tions on  the  east  and  west  sides  of  the  Taconic  Range ;  and 
(3)  the  quartzyte  adjoining  or  within  the  limestone  area. 

The  investigations  have  extended  over  Berkshire  county 
in  Massachusetts,  Salisbury  and  Canaan  in  Connecticut,  and 
less  completely  over  Pownal  and  Bennington,  Vermont,  and 
the  adjoining  eastern  border  of  the  State  of  New  York.  This 
is  not  the  whole  of  the  true  Taconic  region,  as  it  oontmues 
northward  to  central  Vermont;  but  it  comprises  the  portion 
that  was  the  special  subject  of  Professor  femmons^s  earlier 
investigations. 

♦This  Journal,  III,  t,  vi,  1873,  and  xiii,  xiv,  1877. 
Am.  Joub.  8oi.— Third  Sbribs,  Vol.  XXIX,  No.  171.— March,  1885, 
U 
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In  this  first  pari  of  my  paper  I  treat  of  the  southern  portion 
of  the  above-mentioned  area,  comprising  the  towns  of  Salisbury 
and  Canaan  in  Connecticut  and  of  Mt.  Washington,  Sheffield 
and  New  Marlborough  in  Massachusetts,  with  the  adjoining 
eastern  border  of  New  York.  The  second  part  will  cover  the 
middle  and  northern  portions  of  the  region.  In  a  third  pari,  I 
propose  to  discuss  the  relations  to  one  another  of  some  adjoin- 
ing rocks  that  are  inferior  in  position  to  or  older  than  the  lime- 
atona 

■  a.   The  map  and  diagrams. 

The  scale  of  the  map  is  half  an  inch  to  the  mile ;  and  that 
of  the  plottings  from  which  it  has  been  reduced  one  and  a  half 
to  two  inches  to  the  mile.*  The  limestone  areas  are  the  colored 
portions.  The  rocks  of  the  uncolored  areas  are  indicated  in 
many  parts  by  initials,  as  follows : 

M,  ordinary  mica  schist,  cHM,  chloritic  hydromica  schist 

cM,  chloritic  mica  schist.  Q,  quartzyte. 

qM,  quartzytic  mica  schist  mQ,  micaceous  quartzyte. 

stM,  staurolitic  mica  schist.  Gn,  gneiss. 
HM,  hydromica  schist. 

The  rocks  mQ  and  qM  are  intermediate  between  quartzyte 
and  mica  schist. 

The  strike  and  dip  are  indicated  on  the  map  by  the  T-shaped 
symbols,  according  to  the  method  explained  in  volume  xx  of 
this  Journal  (p.  860,  1880) ;  and  the  values  of  the  angles  are 
stated  in  annexed  figures.  (The  most  of  these  values  conse- 
quently are  not  given  in  the  text,  one  place  of  publication 
being  sufficient.)  .  By  the  method  adopted,  where  the  dip  is 
45°  the  stem  of  the  T  is  made  half  the  length  of  the  top ;  for 
larger  angles,  the  stem  about  equals  the  sine  of  the  dip,  half  the 
top  being  taken  as  radius ;  for  smaller  angles  the  stem  is  made 
longer ;  and  for  horizontality,  a  circle  is  used.  The  locality  of 
the  observation  is  indicated  by  the  point  of  junction  of  the 
top  and  stem  of  the  T. 

The  positions  of  the  ore-pits  and  quarries  or  workings  are 
indicated  on  the  map  by  a  small  circle  with  a  letter  enclosed 
to  indicate  the  kind  of  workings:  P  signifying  iron-ore,  which 
ore  in  the  region  is  limonite  (in  miners'  language  brown  hema- 
tite) ;  M,  manganese-ore ;  K,  kaolin  or  porcelain  clay ;  Q, 
quartzyte,  the  rock  quarried  in  the  region  for  the  hearthstones 
of  furnaces.f 

*The  completion  of  unfinished  work  in  the  New  York  part,  has  led  to  some 
changes  since  the  map  in  the  last  volume  of  this  Journal  (Plate  III)  was  printed. 

f  The  heights  stated  on  the  map  are  in  feet ;  and  those  along  the  railroads  are 
heights  of  the  railway  at  the  stations.  I  am  indebted  for  nearly  all  of  them  to 
the  levelings  of  Mr.  W.  E.  Pettee,  Civil  Engineer  and  Surveyor,  Lakeville,  Con- 
necticut. Mr.  F.  v.  Fyler,  of  Winsted,  gave  me  (in  1S11)  for  the  height  of  Bald 
Peak,  1996  feet,  as  his  own  determination,  and  of  Bear  Mountain  by  estimate, 
2250  feet.  The  height  of  Mount  Everett,  the  highest  summit  of  Mt  Washington, 
is  from  the  Massachusetts  snrvey. 
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A  few  localities  of  glaoial  markings  are  recorded  by  means 
of  a  symbol  consisting  of  three  parallel  lines,  with  a  dot  on  the 
middle  one  marking  the  locality,  and  figures  at  the  southern 
end  indicating  the  angle  with  the  meridian. 

The  roads  are  given  because  they  were  often  used  as  a  base 
in  fixing  the  limits  of  rocks  and  the  positions  of  localities;  and 
also  because  it  was  desirable  to  mark  the  localities  of  the  strat- 
igraphical  sections  inserted  in  the  text  so  plainly  that  any 
questioning  geologist  could  go  and  see  for  himself  and  not 
remain — longer  than  he  wishes — in  a  fruitless  state  of  doubt 

In  the  diagrams  the  symbols  for  the  kinds  of  rocks  are  those 
explained  on  page  7  of  this  voluma  In  the  case  of  the 
sections,  wherever  the  limestone  and  schist  in  superposition 
were  not  observed  in  actual  contact,  a  space  is  left  to  indicate  it, 
and  the  length  of  the  interval  is  usually  given  in  feet;  and 
when  these  sections  were  derived  from  surface  outcrops,  and 
not  from  transverse  cuts,  this  is  shown  by  a  vacant  space  in 
the  lower  outer  angle  of  the  diagram. 

The  evidence  of  oonformability  between  the  schist  of  a  ridge 
and  the  limestone  adjoining  it  is  perfect  evidence  only  in  case 
of  actual  contact  between  the  rocks;  it  is  generally  good 
when  there  are  several  outcrops  of  the  two  rocks  within  50 
yards  of  one  another ;  but  beyond  this  distance,  it  is  uncertain, 
because  the  dip  in  the  limestone  often  becomes  reversed  within 
300  yards  and  sometimes,  a  much  shorter  interval,  through  an 
anticlinal  In  each  diagram  the  east  or  north  end  oj  a  section  is 
that  to  the  right  hand. 

In  the  study  of  Berkshire  County  I  have  been  much  bene- 
fited by  the  geological  map  of  Massachusetts,  by  Professor 
Edward  Hitchcock,  which  gives  a  good  general  view  of  the 
distribution  of  the  limestone  and  its  associated  rocks.  Perci- 
val's  map  in  his  Connecticut  geological  report  (1842)  has  also 
been  of  service,  and  the  map  of  the  Vermont  geological  report 
(I86I)  for  the  Vermont  portion.  But  in  all  parts  of  the  map 
herewith  published  the  lines  and  locations  are  given  from  my 
own  personal  observations.* 

In  all  geological  maps,  and  especially  in  one  of  eastern 
North  America,  the  lines  are  in  some  parts  unavoidably  con- 

*  A  geological  map  of  the  Taeonic  region  accompanied  my  paper  printed  in  the 
Journ^  of  the  Geological  Society  of  London  for  1882.  In  preparing  it,  the  Berk- 
shire and  Vermont  portions  of  the  map  were  copied,  with  veiy  little  change, 
from  the  maps  of  the  Massachusetts  and  Vermont  geological  reports.  The  map 
with  the  limestone  area  colored,  was  sent  with  my  paper  to  the  Oeological 
Society,  in  February,  1882,  in  order  to  make  the  paper  intelligible,  and  not  for 
publication.  I  soon  learned,  howerer,  that  the  Society  thought  best  to  publish 
it.  The  fact  that  I  was  thus  to  be  the  author  of  a  geological  map  which  did  not 
•ontain  corrections  from  my  own  observations — then  too  incomplete  for  satisfac- 
tory use — was  a  strong  motire  prompting  me  to  a  more  detailed  survey  of  the 
Taoonic  region. 
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jectaral,  because  the  surface  is  to  so  large  an  extent  earth- 
covered,  or  have  the  rocks  displaced  by  growing  forest  trees. 
Good  outcrops  of  the  schist  and  limestone  are  numerous;  yet 
they  largely  fail  along  the  limits  between  the  formations,  where 
of  most  interest,  because  these  limits  are  generally  near  the 
base  of  the  ridges,  and  there  the  limestone  has  usually  been 
worn  away  and  concealed  by  the  action  of  descending  waters; 
and  not  unfrequently  has  become  the  bottom  of  a  marsh. 

Outcrops  along  the  limits  between  the  qoartzyte  and  limestODe 
are  still  more  rare,  because  very  much  of  the  quartzyte  is 
a  fragile  crumbling  rock  and  covers  its  slopes  deeply  with 
sandy  earth.  Some  quartzyte  ridges  present  no  external  evi- 
dence of  their  constitution  except  a  scattering  of  large  quartzyte 
bowlders  over  their  earthy  slopes  which  have  come  from  the 
harder  portions  of  the  aecayed  beds.  Further,  the  hard 
quartzyte  has  usually  joints  and  uncertain  planes  of  bedding. 

The  drift,  moreover,  is  a  great  concealer  of  rocks,  along  the 
*  valleys  of  the  region,  and  also  very  widely  over  the  western 
slopes  of  the  higher  north-and-south  ridges. 

b.  General  geological  characteristics  of  the  Taconic  region. 

By  way  of  introduction,  I  here  briefly  state  the  general 
geological  characteristics  of  the  region  as  deduced  from  my 
present  knowledge  of  the  facts. 

a.  The  most  striking  geological  feature  is  the  wide  and 
complicated  distribution  of  the  crystalline  (or  metamorphic) 
limestone  formation  in  north-and-south  lines.  The  most 
marked  topographical  feature  is  the  existence  of  broad  north- 
ward trending  plains  or  valleys  and  narrower  parallel  valleys 
separated  and  bordered  by  high  ridges,  which  owe  their  loca- 
tion to  the  distribution  of  the  limestone,  and  to  the  fact  that 
degradation  has  gone  on  over  this  soft,  yielding  rock  to  a  depth 
exceeding  by  500  to  1,500  feet  that  over  the  other  rocks. 

The  rocks  of  the  intervening  ridges  are  various. 

b.  Along  the  Eastern  border  of  the  limestone  region  there  are 
coarse  mica  schists,  gneisses,  and,  in  many  places,  quartzyte, 
mostly  older  than  the  limestone,  and  in  part  of  Potsdam  age. 
Part,  at  least,  of  the  gneisses  are  Archaean :  as  in  the  higher 
parts  of  Cornwall,  Kent  and  Sharon,  Conn.,  where  I  have  found 
chondroditic  limestone  and  other  proofs  of  ArchsBan  age;  at 
the  Hinsdale  railroad  station  in  Massachusetts,  where  I  discov- 
ered the  same  evidence  of  the  Archaean ;  north  of  and  in  the 
cut  south  of  the  Washington  railroad  station,  to  the  south  of 
Hinsdale,  where  the  rock  is  a  zircon-bearing  syenyte  and  syen- 
yte-gneiss;  north  of  central  Clarksburg,  where  occurs  a  ridge  of 
very  coarse  zircon-bearing  granite  (the   ^^ Stamford  granite" 
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of  the  Vermont  Report) ;  and  probably  over  a  central  part  of 
the  region  between  the  limestone  of  South  Lee  and  that  of 
Monterey,  along  the  southern  side  of  which  I  found  a  loose 
mass  of  chondroditic  rock  like  that  of  Dalton.  With  regard  to 
the  age  of  the  rest  of  the  gneiss  of  the  eastern  borders,  I  have 
not  yet  the  facts  needed  for  a  positive  conclusion. 

c.  Between  the  Eastern  border  and  the  Taconic  range  the  rocks 
of  the  ridges  include,  to  the  eastward^  chiefly  mica  schist  and 
qaartzyte ;  to  the  westward^  hydromica  schist,  changing  to  the 
soath  to  mica  schist,  without  quartzyte. 

d.  The  Taconic  range  consists  to  the  north  of  hydromica 
schist  and  to  the  south  of  mica  schist. 

e.  West  of  the  Taconic  range,  the  rocks  are  hydromica  schist 
and  argillyte  (or  phyllyte). 

J\  All  the  rocks  are  metamorphic. 

ff.  In  no  case  is  the  underlying  rock  uncrystalline  or  less 
noetamorphio  than  the  overlying;  on  the  contrary,  the  two 
closely  correspond  in  grade  of  metamorphism. 

h.  The  rocks  owe  their  positions  to  a  system  of  flexures, 
and  the  folds  or  flexures  are  to  a  l)arge  extent  over-thrust  folds. 
The  thrust  was  westward ; — which  is  proof  that  the  pressure 
producing  the  flexures  vr&sfrom  the  eastward.  This  westward 
thrast  has  in  no  case  carried  the  gneiss  of  the  eastern  border 
over  the  limestone  or  over  the  associated  schist  ridges,  except 
perhaps  in  two  cases,  one  in  the  far  east  Tyringham  valley, 
Mass.,  and  the  region  of  Monterey  just  west,  and  the  other  in 
South  Canaan.  I  have  not  observed  any  gneiss  of  the  kind, 
or  any  other  true  gneiss  within  the  limestone  limits  north 
of  southern  Canaan  and  Salisbury. 

t.  The  quartzyte  of  the  Eastern  border  is  probably  of  Potsdam 
age.  In  1872  I  pointed  out  that  the  quartzyte  formation  of 
Poughquag,  in  southeastern  Dutchess  County,  lay  between  the 
limestone  and  adjoining  Archsean ;  and  later,  that  this  was 
true  of  the  same  south  of  Fishkill ;  east  of  Dover  and  Sharon, 
at  the  west  foot  of  the  Kent-Cornwall  Archaean  range ;  south 
and  north  of  Kent,  at  the  east  foot  of  this  range ;  and  I  in- 
ferred from  the  position,  and  apparent  conformability  in  some 
cases,  that  its  age  was  Potsdam,  or  that  of  the  lowest  beds  of 
the  Lower  Silurian  of  the  region.  Similar  evidence  exists 
farther  north,  as  will  be  shown  in  the  course  of  this  paper. 

y.  The  quartzyte  west  of  the  eastern  border,  between  it  and 
the  Taconic  range,  overlies  the  limestone  conformably  and  is  an 
independent  formation,  newer  than  the  limestone. 

On  this  point  I  here  add  a  historical  note. 

In  my  earliest  paper  on  Berkshire  geology,  that  of  1873,  I 
did  not  question  the  direct  stratigraphical  evidence  from  the 
sections,  and  announced  the  above  as  my  conclusion.     In  my 
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paper  of  1877,  following  that  on  Wing's  discoveries,  I  left  the 
question  of  age  undecided,  under  the  iaea,  urged  by  Wing  and 
others,  that  the  stratification  might  have  been  reversal  by 
overihrust  folds.  Again,  in  my  paper  of  1879,  the  doubt  is 
admitted ;  and  in  that  of  February,  1882,  presented  to  the 
Geological  Society,  in  which  the  subject  is  briefly  reviewed,  I 
go  still  further  toward  the  opinion  that  the  quartzyte  is 
"mainly  if  not  wholly,  Primordial."  In  this  state  of  mind,  I 
commenced  in  the  summer  of  1882  the  new  investigations, 
determined  to  remove,  if  possible,  the  doubt  on  the  question 
as  to  reversals  by  overturn  flexures;  and  the  final  conclu- 
sion is  essentially  identical  with  that  of  1873. 

The  conclusions  arrived  at  make  the  headings  of  the  subdi- 
visions in  this  and  the  following  part  of  my  paper,  and  are  as 
follows : 

I.  The  limestone  formation  is  overlaid  conformably  by  the 
schists  of  the  Taconic  range  and  of  other  ridges  of  the  region 
east  and  west  of  the  range. 

II.  The  limestone  east  of  the  Ttwonic  range  is  overlaid  con- 
formably by  strata  of  quartzyte  and  quartzytic  and  ordinary 
mica  schist 

III.  The  limestone  is  a  single  continuous  formation;  the 
same  is  true  of  the  overlying  schists  and  quartzyta 

lY.  The  limestone  is  underlaid^  near  or  along  part  of  its 
eastern  border,  by  strata  of  quartzyte  and  associated  mica  schist 

V.  Within  the  Taconic  region,  crystalline  texture  and  min- 
eral constitution  are  geographically  gradational ;  that  is,  vary 
gradually  from  north  to  south  and  similarly  from  west  to  east 

The  topics  are  to  a  considerable  extent  the  same  as  in  my 
former  papers.  But  they  are  illustrated  by  new  facts,  with 
the  aid  of  the  new  map  and  many  new  stratigraphical  sections, 
and  lead  to  some  new  results. 


Pabt  I — ^Thb  Southbbn  PeBxiON  of  the  Region. 

I.   The  Limestone  formation  underlies  the  Schists  of  the  Taconic 
Range  and  of  other  associated  ridges. 

On  the  map,  accompanying  this  paper,  the  reader  has  before 
him  the  facts  as  to  the  distribution  of  the  limestone  (the  colored 
portion) ;  the  outlines  of  the  included  schist  ridges  or  areas 
(uncolored) ;  the  form  or  outline  of  the  whole  of  Mt  Wash- 
ington, or  the  Taconic  range  ;  and,  through  the  T-shaped  sym- 
bols, the  angles  of  dip  and  strike  of  the  rocks  along  the  sides 
of  the  broad  Mt  Washington  synclinal,  and  in  many  other 
parts. 

The  map  exhibits  the  fact  that  the  ridges  of  schist  which 
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stand  isolated  within  the  limestone  area, — as  isolated  as  islands 
in  a  sea — and  which  cluster  divergently  about  Mt  Washington, 
and  especially  its  southern  decltning  portion,  are  continued 
from  Salisbury,  eastward,  over  Canaan ;  that  eleven  of  them  a 
fifth  of  a  mile  to  five  miles  in  length,  exist  in  the  town  of 
Salisbury,  and  eight,  of  smaller  sizes,  in  the  part  of  Sheffield 
directly  north  ;  that  similar  ridges  occur  also  to  the  west  of 
Mt.  Washington  ;  that  one  of  these  western  ridges,  Winchell's 
Mountain,  is  a  dividing  range  between  two  branches  of  the 
limestone  formation — one,  the  branch  (see  map,  plate  xiii,  in 
volume  XX  of  this  Journal,  1880)  that  goes  to  the  Hudson 
south  of  Poughkeepsie  and  is  in  part  fossiliferous ;  the  other 
that  which  extends  by  Millerton,  and  then,  after  an  interrup- 
tion, bends  westward,  north  of  the  Putnam  County  Archaean,  to 
Fishkill  on  the  Hudson. 

The  elevated  region  of  Mt  Washington  has  already  been 
shown  to  be  a  synclinal  of  schist  with  underlying  limestone. 
Beyond  I  present  further  details  relating  to  this  mountain  ;  and 
also  evidence  that  the  same  structure  is  the  common  one 
among  the  subordinate  ridges  east  and  west  of  the  Taconic 
range.  In  giving  this  evidence  I  commence  with  the  town  of 
Salisbury. 

0.  Northeast  of  the  railroad  station  of  Limerock,  a  high 
bluff,  consisting  chiefly  of  limestone,  faces  the  river.  This 
bluff  is  the  southeast  front  of  what  is  called  Gallows  Hill, 
which  rises  from  the  limestone  plain  east  and  south  of  it  to  a 
height  by  estimate  of  about  500  feet 

Gallows  Hill,  as  the  map  shows,  is  the  common  head  of  two 
ridges  of  schist,  one  of  which  stretches  from  it  northwestward, 
the  other  south  westward.*  Each  consists,  like  other  Salis- 
bury ridges,  and  Mt  Washington  in  part,  of  a  coarse  mica 
schist,  much  of  which  is  garnetiferous  and  staurolitic.  Being 
thus  alike  in  rocks,  and  hence  one  in  origin,  we  should  natu- 
rally look  for  evidences  of  wrenching  and  displacements  in 
Gallows  Hill,  their  common  head. 

Such  evidences  exist  in  isolated  interior  patches  and  bluffs 
of  limestone,  and  in  other  featurea  Although  but  a  square 
mile  in  area,  four  limestone  patches  mark  the  courses  of  as 
many  faults ;  one  at  each  2  and  2',  and  two  transverse  in  direc- 
tion ut  3.  Besides  these,  other  faults  are  indicated  by  bluffs 
of  schist. 

The  bluff  southeast  front  of  Gallows  Hill,  referred  to  above, f 
consists  of  limestone  for  about  300  feet,  and  above  this  has  a 

*Thi8  scmthwesiward  direction  is  probably  a  consequenoe  of  the  fact,  already 
stated,  that  an  ArchsBan  area  exists  to  the  south  and  southeast  in  the  hilly 
region  of  Sharon,  Cornwall  and  Kent,  which  was  a  resisting  mass  when  the  up> 
\\tia  and  flexures  of  the  later  rocks  took  place. 

f  It  is  near  the  house  gf  Mr.  L.  D.  Q<x>dwin. 
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cap  of  the  mica  schist     The  beds  dip  8**  to  10®  southeastward 

(fig.  IV     Great  blocks  of  the  schist  (and  none  of  limestone)  lie 

at  its  base,  as  a  result  of  undermining  by  the  dissolving  away 

of  the  limestone  through  descending  water.     The  figure  shows 

1.  schist  over  limestone — the  tact  in  all   the 

sections  of  the  hill  in  which  limestone 

comes  into  view. 

This    high    bluff,   within    a    hundred 
yards  of  its  south  end,  changes  abruptly 
to  schist  from  top  to  bottom.     A  fault 
intervenes,  which  is  covered  on  the  front 
by  a  great  triangular  mass  of  schist-topped 
limestone,   which    has   slid   down    from 
above.    The  direction  of  the  fault  is  from 
^  east  to  west,  or  about  west  southwest- 
ward  ;  it  appears  to  be  the  same  that  gives  an  abrupt  southern 
limit  to  the  limestone^rea  No.  2'  (see  jnap). 

At  2,  the  summit  of  Gallows  Hill,  there  is  another  limestone 
bluff,  rising  out  of  a  small  limestone  area.  It  faces  westward, 
trends  N.  40**  W.,  and  has  its  beds  dipping  15**  in  the  direction 
N.  10**-20**  K     The  bluff  is  limestone  to  the  top,  but  it  has  a 


w. 


cap  of  schist  just  east  of  its  highest  point  as  represented  in  fig. 
2.  Another  section,  from  a  low  ledge  a  hundred  yards  farther 
south,  is  shown  in  fig.  3,  the  schist  and  limestone  in  contact 

In  another  ridge  on  this  same  area  to  the  southeastward  of 
the  first,  the  upper  half  is  schist  and  the  rest  limestone,  and  the 
dip  is  westward  (N.  29°  W.).  The  outcrops  indicate  irregular 
fracturings  and  faul tings  alon^  the  region  in  a  northwestward 
direction. 

A  third  prominent  line  of  fault  occurs  at  2'  where  there  is 
^  another   nearly  parallel   limestone  bluff 

facing  west  A  cap  of  mica  schist  covers 
the  top  and  in  some  parts  makes  a  pro- 
jecting brow,  as  shown  in  fig.  4.  The 
limestone  at  all  the  localities  is  impure, 
though  coarsely  crystalline,  and  here 
there  is  a  layer  of  mica  schist  25  feet 
thick,  besides  thinner  intercalations. 
At  8,  just  north  of  the  last  locality,  are  two  narrow  parallel 
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bands  of  limestone,  nearly  east-and-west  in  direction,  indicat- 
ing two  lines  of  faulting,  transverse  to  the  preceding.  Fig.  5 
represents  a  section  across  the  beds  from  south  to  north, 
through  the  two  belts.  The  southern  belt  has  the  overlying 
schist  and  limestone  in  direct  contact,  with  the  dip  26*^-30°  to 


the  northward ;  and  in  a  front  view  the  beds  at  the  place  are 
arched  as  in  fig.  6.  The  dip  in  the  northern  line  is  about  36°. 
These  small  belts  of  limestone  also  have  interruptions  which 
indicate  irregularities  from  wrenching  in  the  fracturing. 

In  all  the  sections  in  this  rej2;ion  the  evidence  as  to  order 
of  superposition  is  of  ihQ perfect  kind.  No  overturn  or  westward 
overthrust  is  at  all  probable.  For  staurolitic  mica  schist  does 
not  exist  to  the  eastward,  while  it  is  the  rock  of  ridges  to  the 
westward.  At  the  north  end  of  the  ridge,  five  miles  to  the 
northwestward,  the  limestone  dips  under  the  schist  at  the  east- 
em  angle,  giving  further  evidence  as  to  its  underlying  position 
and  the  synclinal  character  of  the  ridge. 

b.  Three  miles  north  of  Oallows  Hill,  at  4,  there  is  the  south 
end  of  another  schist  ridge.  In  the  view  from  the  southward 
a  thin  stratum  of  schist  having  the  eastward  pitch  of  the  sur- 
face, overlies,  like  a  blanket,  a  bed  of  white  limestone,  as  repre- 
sented in  fig.  7.  The  limestone  directly  below  the  schist  has  a 
vertical  front  with  some  schist-capped   recesses ;    but  south  of 


this  bluff  portion  it  spreads  widely  as  the  rock  beneath  the 
sloping  fields,  showing  itself  in  occasional  outcrops.  The  dip 
of  the  beds  is  oblique  to  the  section,  being  35°  to  the 
N.  71^  E.,  the  strike  being  N.  lO""  W.  The  section  does  not 
show  whether  the  ridge  is  synclinal,  anticlinal,  or  monoclinal 
(though  a  fault). 

c.  To  the  northwest  of  the  last  locality  at  5,  is  a  small  ridge 
of  schist^  named  Turnip  Rock.     It  is  about  a  fourth  of  a  mile 
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long.  The  schist  overlies  the  limestone  in  a  shallow  synclinal, 
and  comes  nearer  to  being  a  horizontal  remnant  than  any  I  have 
elsewhere  seen.  Limestone  makes  the  base  of  the  hill  as  rep* 
resented  in  fig.  8;  which  figure  answers  equally  well  for  sec- 
tions up  the  hill  from  the  southward,  southeastward  and  east- 
ward. 

rf.  In  northeastern  Salisbury  stands  one  of  the  larger  ridges 
of  mica  schist  named  Toms  Mountain.  At  its  very  narrow 
south  end,  where  it  crosses  the  road  (see  map),  the  limestone 
and  schist,  in  outcrops  about  a  dozen  yards  apart,  may  be  seen 
dipping  alike,  25°,  in  the  direction  S.  81*^  E. — the  strike  being 
•N.  9°  E.  Nothing  at  the  place  indicates  whether  the  schist  is 
an  intercalated  stratum,  or  the  south  end  of  a  flexure;  for  east- 
ward dips  exist  on  both  sides  of  it;  and  this  continues  north- 
ward to  and  beyond  the  railroad.  But  abreast  of  the  north 
end  of  the  lake,  the  limestone  extends  high  up  the  steep  west 
slope  of  the  mountain  and  passes  beneath  the  schist  with  a 
pitch  of  but  10°.  Further,  on  the  east  slope,  nearly  half  a 
mile  from  the  Massachusetts  line,  where  the  mountain  is  re- 
cessed, it  comes  out  from  beneath  the  schist  60  feet  or  so 
above  the  base  of  the  mountain  with  a  similar  small  dip.  The 
synclinal  is  a  westwardly  careened  trough  to  the  south,  but  a 
very  shallow  and  broad  trough  to  the  north.  Nearer  the 
Massachusetts  boundary,  the  schist  extends  across  the  road 
eastward  with  a  small  dip. 

e.  In  the  part  of  Sheffield,  that  lies  north  of  Salisbury  and 
west  of  the  Housatonic,  the  smallest  of  the  areas  of  schist  is 
only  200  yards  long.  A  group  of  these  areas  in  the  southern 
part  of  the  town  looks  as  if  consisting  of  remnants  of  the  west 
side  of  Toms  Mountain  synclinal.  The  limestone  in  which 
they  lie,  dips  beneath  the  schist  conformably  on  the  west  side 
and  over  it  ou  the  east,  giving  no  evidence  as  to  whether  they 
are  isolated  intercalated  layers,  or  the  thin  summits  of  folds, 
excepting  the  fact  of  the  relation  in  position  to  Toms  Moun- 
tain just  mentioned,  and  the  resemblance  of  the  rock  to  that  of 
this  mountain  and  of  Mt.  Washington.  The  northern  of  the 
areas  northwest  of  Shefl&eld  village  (where  a  recess  in  the  rocks 
is  called  Bear's  Den)  is  the  most  northern  locality  of  stauroliiie 
mica  schist  I  have  met  with.* 

/  Wincheirs  Mountain,  in  New  York,  west  of  Mt  Washing- 
ton, is  a  ridge  of  hydromica  schist,  becoming  finer-grained  and 
argillyte-like  on  the  west.  To  the  northward  the  dip  of  the 
schist  is  eastward,  and  mostly  35°  to  60°.  West  of  Millerton 
the  ridge  sends  off  an  eastern  spur,  southeast  in  trend  ;    and  in 

*  The  occurrence  of  staurolite  crystals  in  the  mica  schist  of  the  small  area  near 
the  village  of  Sheffield  was  first  announced  by  Dr.  Chester  Dewey,  in  1 824 ;  and 
the  same  in  the  Salisbury  mica  schist,  by  Prof.  C.  A.  Lee,  in  1822.  (See  this 
Journal,  viii,  7,  and  y,  36.) 
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the  open  area  between  the  mountain  and  the  spur,  where  a 
limestone  plain  begins,  the  limestone  comes  out  from  beneath 
the  slates  of  the  mountain  almost  horizontally  (see  T-symbols 
on  the  map),  and  disappears  in  a  similar  manner  beneath  the 
slates  of  tne  spur  with  a  dip  slightly  eastward.  The  inferior 
position  of  the  limestone  is  plain.  On  the  east  side  of  the  spur, 
along  the  Harlem  railroad,  where  the  spur  joins  a  schist  ridge 
of  northeast  trend,  the  limestone  overlies  the  schist  with  a  dip  of 
80**  (the  direction  of  dip  N.  IS"*  B.) ;  the  proof  of  the  underlying 
position  of  the  limestone  being  accepted,  this  overlying  lime- 
stone indicates  only  a  westward  careening  of  the  synclinal — the 
usual  fact 

g.  The  evidence  that  Mt.  Washington  is  a  synclinal  in  struc- 
ture (or  rather  a  compound  synclinal),  as  already  explained  in 
the  last  volume  of  this  Journal,  is  well  shown  on  the  map ;  and 
as  the  roads  are  given,  it  exhibits  the  facts  more  intelligibly  to 
the  reader  than  the  map  of  the  former  paper.  Along  the  west 
side,  eastward  dips  are  universal  in  both  the  limestone  and 
schist,  and  the  angle  is  mostly  between  40*^  and  60°.  Along 
the  eastern  foot  the  angle  of  dip  in  the  schist  and  the  nearest 


limestone  is  small  in  Massachusetts,  being  10°  to  15°  westward 
at  the  north  extremity  in  Egremont ;  10°  to  25°  W.  along  by 
Spurr's  (see  map),  and  about  the  same  in  the  bluffs  nearBoys's. 
Id  this  Massachusetts  part,  in  which  the  synclinal  has  a  broad 
tray-like  form,  the  limestone  makes  a  high  base  to  the  moun- 
tain, it  being  the  rock  of  the  lower  150  to  250  feet  Nearing 
Connecticut,  and  within  that  State,  the  dip  of  the  schist  and 
limestone  at  the  base  of  the  mountain  increases,  being  50°  to 
55°  W.  half  a  mile  north  of  the  Connecticut  line,  and  mostly 
60°  to  65°  at  Sage's  Bavine  just  south  of  the  line.  Farther 
south,  west  of  ore- pit  i  (Camp's)  the  dip  is  about  vertical,  and 
west  of  the  ore-pit  h  (Scoville's),  it  has  10°  of  easting.  The  syn- 
clinal of  Mt  Washington  is  hence  shallowest  to  the  north  ;  and, 
like  all  the  rest,  is  not  a  symmetrical  trough. 

Figure  2  in  the  Mt.  Washington  paper  (page  2Y1)  represents 
the  position  of  the  rocks  at  lY  on  the  map,  near  L.  Eoys's ;  and 
fig.  1,  that  on   the  west  side  of   the  mountain  at  18,  east  of 

eed's  ore-pit.     The  above  figure  9,  represents  a  section  at 
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16,  near  the  north  end  of  the  rooantain,  and  about  600  yards 
(by  pacing)  from  the  road  ;  and  fig.  10,  the  same  at  15. 

The  small  limestone  areas  in  the  Mt  Washington  region  west 
of  Lakeville,  and  which  are  probably,  as  observed  in  the  Mt 
Washington  paper,  decapitated  anticlinals,  are  situated  near, 
jQ  and  north  of,  the  upper  road  to  Miller- 

ton.     The  quarry  of  limestone  with 
overlying  schist  represented  in  figure 
3  of  that  paper,  occurs  in  area  1 ;  the 
locality  of  fig.  4  is  along  the  road  at 
2 ;   and  that  of  5  in  the  field  at  3, 
^  where  a  narrow  strip  of  schist  sepa- 
^  rates  this  area  from  No.  4.     The  areas 
4  and  6  are  probably  parts  of  a  single  anticlinal  flexure,  the  schist 
of  which  still  remains  over  a  middle  portion.     Area  9  is  in  the 
bed  of  a  brook  near  a  fence  which  follows  the   New   York 
boundary,  a  short  distance  north  of   a  bridge  over  the  brook, 
and  about  1,000  yards  (by  my  pacing)  north  of  the  carriage  road. 
Area  8  is  a  doubtful  one,  since  the  only  outcrop  of  limestone 
found  was  small,  and  it  may  be  that  of  a  loose  mass;    yet  the 
ore-bed*  and  the  flat  valley  south  of  it  are  pretty  good  addi- 
tional evidence  as  to  the  existence  of  limestone  beneath. 

Southward  dips  alternating  with  eastward  occur  in  the 
southern  extremity  of  the  mountain  at  outcrops  along  the  road 
east  and  west  of  Lakeville  and  also  to  the  north. 

The  western  lobe  of  limestone  in  southern  Egremont  extend- 
ing south  into  the  Mt  Washington  area  may  continue  south- 
ward to  the  first  road-junction,  since  a  well  near  there,  at  Mr. 
0.  C.  Whitebeck's  Tas  I  am  informed  by  Mr.  H.  F.  Keith,  of 
Great  Barrington),  nas  hard  water.  From  Mr.  Keith,  I  also 
have  learned  that  four  miles  to  the  south  in  the  same  north- 
and-south  line,  near  the  eastern  foot  of  Elk  Mountain, 
there  may  yet  be  found  a  limestone  ledge,  as  an  old  deed  of 
property  reserves  the  limestone. 


II.   The  limestone  underlies  conformably  strata  of  Quartzyte^  and  of 
quartzytic  or  arenaceous  Mica  schist. 

The  limestone  of  Salisbury  and  Sheffield  spreads  eastward 
across  the  Housatonic  Biver  into  Canaan  and  New  Marlborough 
and  covers  a  large  part  of  these  towns.  Mica  schist  is  the  rock 
of  many  ridges  within  the  limestone  limits,  as  it  is  west  of  the 
Housatonic ;  but  it  is  in  most  cases  a  much  more  arenaceous 
variety,  and  it  is  not  staurolitic.  Quartzyte  is  the  chief  rock 
of  many  of  the  ridges;  and  it  occurs  both  massive  and  of  the 
*  D.  Cook's,  and  bearing  N.  50"  W.  from  Mr.  CJook'B  house. 
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well-bedded  fragile  kind.  The  latter  is  most  coaimon ;  it  is 
often  micaceous  and  graduates  into  arenaceous  mica  schist,  and 
thence  into  ordinary  mica  schist.  These  rocks,  like  the  schists 
of  the  west  side  of  the  Housatonic  River,  overlie  conformably 
the  limestone  formation.  Farther  north  in  Berkshire  county, 
they  occur  also  to  some  extent  on  the  west  side  of  the  river; 
and  one  such  area  extends  over  the  northern  border  of  Sheffield 
(see  map).  The  following  sections  exhibit  the  order  of  super- 
position. 

a.  West  of  South  Canaan  near  the  house  of  Mr.  T.  H.  Palmer, 
and  in  the  fields  north  and  south  of  it  there  is  the  very  narrow 
top  of  an  anticlinal  outcrop.  Its  direction  is  N.  20°-31°  W. 
By  the  north  side  of  the  house,  at  a  small  quarry,  the  arching 
limestone  has  the  schist  in  place  on  the  northern  side  of  the 
arch,  as  represented  in  fig.  11.  The  dips  are  greater  to  the 
right,  as  shown  in  the  figure,  and  correspond  to  the  distance 

11. 


•s^.?^^' 


from  the  axis.  In  the  field  northwestward  the  schist  continues 
with  the  limestone  underlying  it  The  dips  are  less  regular  on 
the  south  side  of  the  anticlinal,  south  and  west  of  Mr.  Palmer's 
house,  owing  to  the  overthrust  character  of  part  of  the  arch. 

b.  In  South  Canaan,  near  7  (see  map),  on  the  south  side  of 
the  west  end  of  Cobble  Hill,  on  and  near  the  road,  quartzyte 
of  the  hard  massive  kind,  micaceous  in  its  upper  part,  is  over- 
laid by   mica  schist,  the  lower  beds  very  ^^ 
arenaceous  (fig.  12);    the   strike  is  N.  to 

N.  30°  E.,  and  the  dip  20^-25**  eastward. 
No  outcrop  of  limestone  occurs  near  by 
to  show  whether  the  quartzyte  is  overlying 
or  underlying. 

Above  the  mica  schist  there  is  a  whitish  ^  ^ 

granitoid  gneiss,  and  this  is  the  rock  of  the  hill  to  the  east- 
ward. It  is  a  remarkably  brittle  and  quartzose  gneiss,  and 
apparently  comformable  to  the  schist.  But  a  good  junction  is 
not  exposed  and  the  position  is  still  in  doubt.  It  is  one  of  the 
two  cases  of  possible  overthrust  referred  to  on  page  193,  and 
will  have  fuller  description  at  another  time. 

c.  Canaan  Mountain  rises  800  to  1,000  feet  above  the  Canaan 
plains.  It  has,  on  its  southwest,  west  and  north  sides,  a  base- 
ment of  limestone  varying  in  its  height  above  the  plain  from 
about  150  to  400  feet.  This  limestone  basement  reaches  east- 
ward, on  the  north  side  to  the  eastern  boundary  of  Canaan , 
and,  on  the  opposite  to  the  road  up  the  mountain ;  and  beyond 
these  points  rapidly  declines. 
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The  dip  of  this  limestone,  as  the  Ts  on  the  map  indicate,  is 
toward  the  mountain  on  the  three  sides;  and  the  same  is  true 
of  the   overlying  schist     Pig.   13  shows  the  position  of   the 

13. 


rocks  in  a  section  at  8,  on  the  southwestern  side,  and  fig.  14 
the  same  at  9,  on  the  north  side  near  the  western  end.  Fig.  15 
represents  the  section  on  the  north  side  at  10,  toward  its  eastern 
end. 

The  limestone  in  its  upper  portion  is  often  impure  with 
"  canaanite  "  or  massive  white  pyroxene.  The  beds  of  schist 
overlying  it  are  arenaceous,  and  an  interval  of  bedded  or  mica- 


15. 


16. 


ceous  quartzyte  intervenes  in  places.  The  thickness  of  the 
quartzytic  layer  I  could  not  determine  because  sandy  soil 
usually  conceals  it.  In  the  third  section  (fig.  15),  large  masses 
of  hard  quartzyte  lay  over  the  surface,  as  evidence  of  a 
quartzyte  stratum  below ;  the  limestone  at  this  point  extends 
400  feet  above  the  stream  at  its  base.  To  the  eastward  the 
mica  schist  of  the  top  loses  its  arenaceous  character. 

A  Church  Hill  is  a  lower  elevation,  close  by  the  west  end 
of  Canaan  Mountain  (at  11).  It  is  an  example  of  a  shallow 
synclinal.  The  limestone  basement  extends  high  up  the  hill — 
farthest  on  the  north  side — as  illustrated  in  fig.  16,  which  is  a 
section  from  northeast  to  southwest.  A  marshy  area  covers 
part  of  the  summit,  and  hence  the  break  in  the  diagram.  The 
schist  of  the  top  is  quartzytic  mica  schist. 

e.  Rattlesnake  Mountain,  northeast  of  the  village  of  Canaan, 
consists  of  arenaceous  or  quartzytic  mica  schist,  micaceous 
quartzyte  and  ordinary,  but  mostly  bedded,  quartzyte.  These 
rocks  rest  on  limestone  in  a  region  of  limestone.     As  the  T's 
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on  the  map  point  out,  the  dip  in  the  adjoining  limestone  on  the 
east  side  is  westward,  on  the  south  northward,  and  on  the  west 
eastward,  proving  its  synclinal  character;  and,  as  the  angles  of 
dip  show,  the  synclinal  has  its  steepest  margin  on  the  west  and 
northwest  sides.    Figure  17  represents  a  section  on  the  east 

17. 


side  at  12,  where,  in  a  number  of  outcrops  close  io  the  foot  of  the 
mountain^  the  dip  is  westward.  East  of  these  outcrops  about 
150  yards  other  opposite  or  eastward  dips  occur  owing  to  an 
anticlinal  outside  of  the  synclinal     Pig.  18  gives  the  position  of 


18. 
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the  rocks  on  the  west  side  at  13  (E.N.E.  of  the  house  of  M.  T. 
Grranger),  showing  conformability  to  the  schist  in  the  limestone 
at  the  nearest  outcrops,  but  various  flexures  outside  of  the 
mountain  synclinal  in  the  next  400  yards,  and  very  bold  flex- 
ores  in  the  limestone  at  the  western  end  of  the  section.  The 
little  limestone  ridge  of  bold  flexures  is  only  40  to  50  yards 
wide;  two  partial  sections  of  it,  taken  at  points  50  yards  apart, 
each  about  80  feet  in  actual  length,  are  represented  in  figures 
19  and  20.  The  facts  illustrate  the  irregularity  and  variety  of 
the  dips  in  the  limestone  remote  from  the  base  of  the  ridge. 


19. 


20. 


/  Southeast  of  Rattlesnake  Mountain  and  just  west  of  East 
Canaan,  there  are  six  small  areas  of  hard  massive  quartzyte 
insulated  in  the  limestone,  the  largest  1,400  feet  long  and  the 
smallest  180  feet  The  two  larger  have  their  positions  given  on 
the  map.  These  areas  are  described  by  the  writer  in  a  paper 
in  this  Journal  for  March,  1872  (p.  185),  and  a  large  map  of 
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the  region  is  there  given  from  a  manuscript  map  by  Mr.  Joseph 
S.  Adams.  No  good  sections  showing  positively  the  relations 
of  the  quartzyte  to  the  limestone  exist  about  the  areas.* 

g.  The  ridge  in  eastern  Canaan,  Q  Q  Q,  consists  of  quartzyte, 
part  of  it  of  the  hard  massive  kind,  and  part  thin-bedded  and 
more  or  less  micaceous.  "  Hard-heads,"  or  bowlders  of  quartz- 
yte, are  common  over  it,  but  little  of  the  rock  is  in  place  owing 
to  the  depth  of  disintegration  of  the  porous  rocK.  At  the 
locality  in  East  Canaan,  where  the  Connecticut  Western  R  R 
crosses  Whiting  Biver  and  the  carriage  road,  a  deep  section 
exposes  to  view  the  quartzyte — a  very  thinly  laminated  fragile 
rock,  easily  crushed  oy  the  hand  to  sand ;  its  dip  at  the  west 
end  of  the  exposure  is  25®  E.,  but  to  the  eastward  it  becomes 
horizontal  and  westward  in  dip.  No  outcrops  of  limestone 
occur  in  the  vicinity. 

A.  The  part  of  Sheflleld  and  of  the  town  of  New  Marlbo- 
rough, lying  to  the  north  of  Canaan,  have  several  north  and* 
south  ridges  of  quartzvtic  mica  schist  (as  is  indicated  on  the 
map),  which  are  part  of  the  system  that  extends  from  Canaan 
northward  through  Berkshire.  I  have  not  found,  in  the  region, 
examples  of  limestone  and  overlying  quartzyte  in  close  or  near 
contact  and  hence  give  no  sections.  Owing  to  the  easy  decay 
of  most  of  the  bedded  quartzyte,  a  broad  earth-covered  sur- 
face commonly  separates  their  outcrops;  and  sometimes  such 
a  surface  with  scattered  ^^  hard-heads"  is  all  that  is  to  be  seen 
over  their  slopes.  Good  sections  occur  in  the  towns  next  north, 
and  will  be  described  in  part  II  of  this  paper. 


III.   The  stratigraphical  continuity  of  the  limestone,  and  also  of 
the  beds  overlying  it. 

The  facts  which  have  been  presented  show  that  the  lime- 
stone of  the  town  of  Salisbury,  is  plainly  a  single  stratum  or 
formation,  normally  i^nderlying,  and  therefore  older  than,  the 
schist  of  the  region. 

Again :  topographical,  stratigraphical  and  lithological  facts 
lead  to  the  similar  inference  that  the  schist  of  Mt.  Washington 
— or  the  Taconic  schist — is  one  in  stratum  with  that  of  the 
various  ridges  over  Salisbury  that  diverge  from  this  mountain 
mass  and  in  other  cases  lie  parallel  to  it 

This  limestone  continues  into  Canaan  and  the  towns  north ; 

*  In  my  article  of  1872,  referred  to  above,  I  make  the  quartzyte  older  than  the 
limestone  and  uDconformable  to  it  The  eyiden3e  adduced  is  not  conclusiire,  as  it 
did  not  depend  on  a  section  showing  superposition.  The  argument  from  the 
jointed  structure  and  non-bedded  character  of  the  quartzyte,  and  the  absence  of 
any  corresponding  features  in  the  limestone,  is  set  aside  by  many  facts  I*have 
since  observed. 
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and' no  observed  facts  suggest  any  doubt  as  to  the  unity  of  the 
whole.  The  eastern  portion  may  diflfer  from  the  western  in 
chronological  limits,  but  all  is  evidently  of  one  and  the  same 
formation. 

In  Canaan,  'as  in  Salisbury,  the  schists  and  the  associated 
quartzyte  overlie  together  the  limestone  and  thus  present  the 
same  stratigrapbical  proof  of  identity  in  formation  and  age. 
Further,  the  scnists  of  Winchell's  Bidge  overlie  the  same  lime- 
stone and  have  the  same  claim  to  be  considered  a  part  of  the 
Mt  Washington  or  Taconic  stratum  as  the  ridges  to  the  east- 
ward. 

The  facts  thus  sustain  the  conclusion  that  the  formations 
outcropping  within  the  region  considered  ar^  two :  one  consist- 
ing of  limestone ;  and  one,  overlying  this,  consisting  of  mica 
schist  and  some  associated  rocka  Other  facts  bearing  on  the 
question  from  the  rest  of  Berkshire  have  yet  to  be  presented. 


IV.  Ihe  limestone  overlies  conformably  strata  of  quartzyte  and  asso- 
ciated mica  schist,  proving  the  existence  of  an  inferior  quartzyte 
formation. 

Several  cases  have  bedn  mentioned  in  this  paper  (p.  209)  of 
the  occurrence  of  quartzyte  and  schist  between  the  limestone 
and  a  neighboring  Archaean  area.  I  have  also  referred  above 
to  the  fact  that  the  hill  region  of  Sharon,  Cornwall  and  Kent, 
northeast  in  trend  (and  called  by  me  elsewhere  the  Kent-Corn- 
wall range)  has  a  broad  axis  of  ArchsBan  rock,  and  a  belt  around 
it  of  the  Canaan  Salisbury  limestone,  as  mapped  by  Percival; 
and  that  between  the  limestone  belt  and  the  Archaean  on  the 
east  side  near  Kent,  and  on  the  west  side  near  Sharon  and 
Dover,  exist  some  of  the  localities  of  quartzyte  so  situated. 

The  same  ArchsBan  area  has  quartzyte,  with  the  associated 
mica  schist,  on  its  northwestern  side  or  that  fronting  Salisbury, 
as  indicated  by  the  Q's  on  the  map ;  and  another  area  on  its 
north  side  near  the  boundary  of  South  Canaan  and  Cornwall. 
From  the  position  of  the  quartzyte  between  the  limestone  and 
the  Archaean  it  is  probable,  as  has  been  stated,  that  this  quartz- 
yte is  older  than  the  limestone  and  of  the  age  of  the  Potsdam 
sandstone.  No  outcrops  of  limestone  occur  close  against  the 
quartzyte,  and  we  are  unable  therefore  to  decide  the  question  as 
to  conformability.  We  have  only  the  fact  of  conformity  in  dip 
at  distant  outcrops,  both  near  the  village  of  Kent  and  near 
Sharon.  Mica  schist  accompanies  the  quartzyte  on  the  borders 
of  Salisbury  and  South  Canaan  both  as  ordinary  mica  schist  and 
the  quartzytio  variety,  overlying  and  underlying  it  conformably  ; 
and  the  scnist  does  not  differ  essentially  from  that  over  the 
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limestone  in  Canaan.  These  quartzyte  areas  have  a  hard,  gray, 
well  banded  gneiss  in  close  proximity,  the  age  of  which,— 
whether  of  the  Quartzyte  formation,  or  of  the  Archaean,  I  leave 
for  later  discussion. 

One  well  displayed  example  of  the  overlying  oY  limestone  by 
quartzyte  conformably  occurs  in  New  Marlboro,  north  of 
Canaan  Valley  (at  14  on  the  map).  Fig.  21  represents  the  sec- 
tion.    But  it  is  possible  that  the  overlying  is  a  consequence  of 

21. 


an  overturn  fold.  The  quartzyte  is  of  the  hard  massive  kind. 
It  is  on  the  east  margin  of  the  area  which  has  a  bed  of  kaolin 
on  its  west  margin. 

There  is  one  feature  of  several  of  the  quartzyte  beds  that  ap- 
pear to  be  underlying,  which,  on  further  study,  may  become 
good  lithological  evidence  of  age.  This  is  the  occurrence  in 
some  of  them  of  a  large  amount  of  the  coarsely-feldspathic  varie- 
ty of  quartzyte,  and  as  a  consequence  of  this,  the  existence  in 
or  near  them  of  large  beds  of  kaolin.  Such  a  conjunction 
occurs  in  the  quartzjtic  region  of  northeastern  Sharon  and  in 
others  to  the  north  m  Berkshire.  The  case  of  New  Marlboro 
is  probably  one  of  these,  although  the  feldspathic  variety  of  the 
quartzyte  has  not  yet  been  found  there  in  place. 

I  omit  further  remarks  on  this  lower  quartzyte  and  its  rela- 
tions to  the  associated  schists,  including  the  adjoining  gneiss, 
until  I  have  given  the  subject  another  season  of  field  study. 

The  lithological  facts  from  the  region  considered  illustrate 
an  important  principle  in  regional  metamorphism ;  the  results 
as  to  degree  of  change,  and  kinds  of  minerals  produced,  are 
geographically  gradational,  they  varying  regularly  from  north 
to  south  and  from  west  to  east  A  review  of  the  facts  on  this 
point  will  close  this  part  of  my  paper. 

[To  be  continued.] 
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Art.  XXVIIL— Fan'artbn*  of  Latitude;  by  AsAPH  Hall. 

The  International  Oeodetic  Conference  held  at  Borne  in 
October,  1883,  presented  to  the  notice  of  astronomers  the  ques- 
tion of  the  variability  of  latitudes.  A  plan  of  observation  was 
proposed  to  the  Conference  by  Mr.  Fergola,  an  Italian  astron- 
omer, who  has  made  the  matter  a  special  study,  and  this  plan 
was  referred  to  a  committee  composed  of  Messrs.  Villarceau, 
Bakhuyzen,  Cotts  and  Schiaparelli.  This  committee  reported 
favorably,  and  in  due  time  the  proposed  plan  has  coitie  to  the 
Saperintendent  of  the  Naval  Observatory  through  the  veteran 
leader  of  geodesy.  General  Bayer,  the  head  of  the  Prussian 
Geodetic  Survey. 

According  to  the  plan  of  Mr.  Fergola  the  variations  of  lati- 
tude are  to  be  investigated  by  special  series  of  observations, 
made  with  the  best  prime  vertical  transit  instruments  on 
selected  lists  of  stars.  An  important  feature  of  the  plan  is 
that  the  work  is  to  be  chiefly  difiFerential.  Two  observatories 
are  to  cooperate;  for  example,  one  in  Europe  and  one  in 
America,  and  these  stations  are  chosen  so  that  the  diflference  of 
latitude  is  small.  It  being  thought  best  to  confine  the  obser- 
vations to  established  observatories,  in  order  that  similar  series 
may  be  more  certainly  made  in  the  future,  Mr.  Fergola  has 
selected  the  following  stations: 

Stations  selected.  Diff.  Lat.  Diff.  Long. 

Cape  of  Good  Hope— Sydney 4'  22'         8^  61" 

Santiago — ^Windsor  (Aust.) 9    47  9    14 

Rome-— Chicago 3    63  6    40 

Naples— New  York  (Columbia  Coll.) 6    22  5    63 

Lisbon — Washington 11      7  4    31 

At  such  stations  as  these  the  stars  that  pass  near  the  zenith, 
and  which  are  best  suited  for  determinations  of  latitude,  can 
be  observed  at  both  stations  at  nearly  the  same  zenith  distance. 
The  conditions  would  be  such  that  the  variations  of  refraction 
would  be  small ;  and  if  the  observations  are  made  with  care 
and  skill,  and  with  the  best  appliances  of  modern  astronomy, 
the  difference  of  latitude  of  the  two  stations  must  be  deter- 
mined with  the  utmost  accuracy.  If  the  observations  should 
be  repeated  after  an  interval  of  fifty  years  or  more,  the  ques- 
tion of  the  variability  of  latitudes  would  be  subjected  to  a 
severe  test 

The  Conference  has  raised  an  old  question  which  was  once 
much  discussed  among  astronomers.  Two  centuries  ago  the 
notion  that  latitudes  vary  during  the  year  was  a  common  one, 
bat  the  progress  of  astronomy,  and  the  complete  reduction  of 
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observations  with  better  tables  of  refraction,  have  caosed  the 
disappearance  of  nearly  all  the  anomalies  that  formerly  ap- 
peared, and  the  general  opinion  has  tended  toward  the  idea 
that  latitudes  have  no  sensible  variations.  Still,  this  is  a  result 
that  d  priori  would  not  perhaps  seem  probable.  Thus  we 
might  have  geological  changes  that  would  alter  the  position  of 
the  vertical  line  at  a  station  ;  or  again,  such  as  would  cause  a 
gradual  or  secular  change  in  the  position  of  the  earth's  axis  of 
rotation,  by  shifting  large  masses  of  matter  on  the  earth's  sur- 
face or  in  its  interior,  and  these  changes  might  produce  varia- 
tions of  latitude.  In  fact  it  is  for  the  purpose  of  testing  local 
changes  that  Mr.  Fergola  has  chosen  stations  which  have  a 
large  difference  of  longitude.  The  table  of  latitudes  published 
some  years  ago  by  this  astronomer  does  seem  to  show  a  secular 
change  in  the  latitudes  of  northern  observatories.  This  table  is 
as  follows : 

Place.  Date.  Latitude. 

Washington 1846         +  88**  68'  39'-26 

Washington 1868  •38-78 

Paris 1826  48°  60'  18'0 

Paris 1863  11-2 

Milan 1811  46**  27'  60'-7 

MUan 1871  69-19 

Rome 1810  41'  63'  64'-26 

Rome 1866  64-09 

Naples 1820  40**  6 1'  46'-63 

Naples 1871  46-41 

Konigsberg 1820  64*"  42'  60'-71 

K5nig8berg 1 848  60-66 

Greenwich 1888         +  61**  28'  38'-43 

Greenwich 1846  38-17 

Greenwich 1866  37-92 

It  will  be  seen  here  that  without  a  single  exception  the  lati- 
tudes given  in  tbe  table  have  diminished  during  the  present 
century.  But  these  variations  are  small,  and  during  these 
intervals  of  time  so  many  changes  have  occurred  in  the  instru- 
ments and  among  the  astronomers  that  the  diminution  of  lati- 
tude may  be  onl^  apparent.  The  most  complete  investigation 
of  this  question  is  that  by  Mr.  Nyr6n  of  the  Pulkowa  Observ- 
atory. In  this  case  the  observations  have  all  been  made  with 
the  same  instrument,  and  the  observations  are  of  remarkable 
accuracy.  The  probable  error  of  a  single  determination  of 
latitude  is  only  db  0''-2.  The  results  for  the  latitude  of  Pol- 
kowa  are: 
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Observor.  Date.  LatitacLe. 

Peters 1848  +  69**  46'  18"-73  i  0'-013 

Gylden 1866  18 -66  i  0 -014 

Nyr^n 1872  18 -50  i  0 -014  . 

Here  again  we  notice  a  small  diminution  of  latitude.  In 
each  determination  also  the  observations  are  so  numerous  that 
probably  the  accidental  errors  of  the  observer  have  been  almost 
completely  eliminated.  Thus  the  number  of  Peters's  determin- 
ations is  871,  Gylden's  286,  and  Nyrdn's  155 ;  all  from  observa- 
tions of  the  pole  star.  It  may  seem  hypercritical  to  doubt 
results  that  have  been  deducea  with  so  much  care  and  skill, 
both  in  observing  and  reducing ;  but  still  we  must  remember 
that  these  are  absolute  determinations  of  latitude,  that  three 
dififerent  observers  took  part  in  the  work,  and  that  the  varia- 
tion from  Peters  to  Nyren  is  onljr  0"*23.  An  astronomer  of 
experience  would  be  cautious,  I  think,  in  ascribing  this  differ- 
ence to  an  actual  change  of  latitude.  But  the  evidence  in  this 
case  supports  that  drawn  from  Mr.  Fergola's  table.  It  is  well, 
therefore,  to  examine  how  far  more  recent  determinations  con- 
firm the  results  of  this  table.  A  recent  and  very  complete  dis- 
cussion of  the  latitude  of  the  Greenwich  Observatory  by  Mr. 
Christie,  the  present  Astronomer  Boyal  of  England,  gives 
from  the  observations  of  the  years  1836  to  1879  the  following 
values  of  the  latitude : 

1836—1849  Latitude  =  61*>  28'  88''15 
1861—1866  Latitude  38  -13 

1866—1879  Latitude  38  -17 

These  results  give  no  evidence  of  a  secular  change  of  lati- 
tude. Again,  a  determination  of  the  latitude  of  Washington, 
in  1888,  gives 

Latitude  =  38**  68'  38"-94, 

and  this  result  also  furnishes  no  proof  of  a  change  of  latitude. 
These  negative  results  show  that  in  the  case  of  the  latitude  of 
Pulkowa  we  must  wait  for  further  proof  before  assuming  a  real 
secular  change  in  the  latitude  of  that  Observatory. 

So  far  as  periodical  changes  of  latitude  are  concerned,  there 
is  a  theoretical  reason  why  such  changes  might  occur.  If  our 
earth  at  the  origin  of  things  received  its  motion  around  the  sun 
and  its  motion  of  rotation  on  an  axis  from  a  single  impulse,  the 
direction  of  the  impulse  would  pass  about  twenty  miles  from 
the  earth's  center,  and  it  would  seem  to  be  but  little  probable 
that  the  earth  would  begin  to  rotate  around  one  of  its  principal 
axes.  But  the  observed  constancy  of  latitudes  shows  that 
such  was  very  nearly  the  case,  or  tnat  some  cause  has  acted  to 
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bring  the  instantaneous  axis  of  rotation  practically  into  coinci- 
dence with  the  principal  axis.  These  periodical  changes 
depend  on  the  structure  of  the  earth,  and  the  distribution  of  its 
matter.  They  are,  therefore,  quite  dififerent  from  precession 
and  nutation,  which  are  produced  by  exterior  disturbing  forces, 
chiefly  by  the  action  of  the  sun  and  moon.  The  theory  of 
these  periodic  motions  was  given  by  Euler  in  1765.  The 
period  of  the  change  of  .latitude  depends  on  the  moments 
of  inertia  of  the  earth,  and  the  values  of  these  moments  are 
given  approximately  from  the  observed  values  of  the  preces- 
sion and  nutation.  An  expression  of  the  periodical  change  of 
latitude  is  found  easily  from  Euler's  equations  for  the  motion 
of  a  rigid  body.  This  results  from  the  first  step  in  the  approxi- 
mate solution  of  these  equations,  but  it  is  sufficient  for  all 
the  purposes  of  observations.  If  A,  B,  C,  are  the  moments 
of  inertia  about  the  principal  axes,  and  <p  denotes  the  latitude, 
the  general  expression  for  the  latitude  is 


in  which  f^+p  cos  f  is  the  latitude  at  the  epoch  of  ^  n  is  the 
velocity  of  rotation  of  the  earth  on  its  axis,  and  p  and  f  are 
constants  to  be  found  from  observations.  The  expression 
under  the  radical  sign  must  be  positive,  since  otherwise  the 
motion  of  rotation  of  the  earth  would  not  be  stable.  If  we 
substitute  the  values  of  the  moments  of  inertia,  the  expression 
takes  the  following  form  in  which  the  unit  of  time  is  a  year: 

(p=<p^  +  p  .  cos (431°0  .  t+^. 

Hence  the  instantaneous  axis  of  rotation  makes  a  revolution 
around  the  principal  axis  in  805  days. 

We  have  now  to  see  what  the  observations  have  shown  in 
regard  to  this  periodical  variation  of  latitude  The  first  careful 
investigation  of  this  question  was  made  by  C.  A.  F.  Peters,  of 
Pulkowa,  from  his  excellent  series  of  observations  with  the 
Ertel  vertical  circle.  These  observations  extend  over  thirteen 
months,  and  from  their  discussion  Peters  found  for  1842, 

p=:0'-0'79±0'-017. 

A  similar  discussion  was  made  by  Nyr&n  of  the  three  series 
of  observations  made  bv  Peters,  Gylden  and  himself  with  the 
same  instrument,  and  the  results  are, 

/o=OM01±0'-014,  Peters,  1842. 
/0=0  -125^0  -020,  Gylden,  1866. 
/o=0  -058^0  -016,  Nyr^n,  1872. 
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This  is  a  very  good  agreement  of  the  results,  and  it  is  worth 
while  to  notice  that  the  parallax  of  the  pole  star  comes  out 
positive  from  each  series,  and  that  the  resulting  valae  of  the 
constant  of  aberration  agrees  well  with  the  best  determina- 
tions. An  investigation  made  by  Mr.  A.  M.  W.  Downing  of 
the  latitude  of  Greenwich  from  the  observations  for  the  ten 
years  1868-1877  gives 

p=0'-076±0''-016. 

The  first  thing  we  notice  about  tbese  results  is  the  smallness 
of  /o,  which  is  the  maximum  variation  of  the  latitude,  and  also 
the  fact  that  in  every  case  it  is  from  four  to  eight  times 
as  great  as  its  probable  error.  From  this  relation  of  the 
probable  error  one  might  infer  the  reality  of  /o,  but  we  ought 
to  consider  the  form  of  the  equation  of  condition.  This  will 
contain  the  two  unknown  quantities,  x  =/o  cos  f,  and  y  =/o  sin  f . 
The  solution  will  give  us 

P  COB  S=  ±  »w 
p  sin  5^=  ±  », 

and  from  the  nature  of  the  case  p  will  always  be  a  real,  positive 
quantity.  The  small  values  of  p  show  that  the  variations  of 
latitude  are  also  small,  and  it  is  from  the  values  of  f  that  we 
must  judge  whether  the  results  are  harmonious  and  really 
probable.  Beducing  the  values  of  f  to  a  common  epoch,  the 
agreement  is  not  good.  We  infer,  therefore,  that  these  investi- 
gations do  not  indicate  with  any  certainty  a  variation  of  lati- 
tude having  the  period  of  305  days. 

From  what  precedes  it  appears  that  observations  do  not 
prove  that  latitudes  are  variable,  and  the  evidence  points  rather 
to  other  sources  of  small  changes  that  may  depend  on  the 
seasons.  Perhaps  some  of  these  may  arise  from  the  tables  of 
refraction  which  are  in  common  use,  and  which  are  assumed  to 
fit  the  whole  earth.  It  is  possible  that  for  the  best  absolute 
determinations  of  zenith  distances  the  question  of  refraction 
will  need  to  be  investigated  for  each  Observatory.*  The 
method  of  observation  proposed  by  Mr.  Fergola  seems  to  have 
a  great  advantage  over  those  that  have  been  followed  heretofore 
from  the  fact  that  it  is  difierential.  But  it  is  evident  that  even 
in  this  method  the  observations  must  be  made  with  the  utmost 
care,  and  with  due  consideration  of  all  the  surroundings,  in 
order  to  detect  the  variations  of  latitude  which  we  know  must 
be  very  small. 

*It  18  DOt  uncommoii  to  exaggerate  the  accuracy  with  which  latitudes  ar« 
known.  We  have  only  to  refer  to  our  ephemerides  to  find  much  larger  differ- 
ences than  the  prohahle  errors  will  warrant  Thus  the  latitudes  of  Greenwich 
giyen  in  the  Berliner  Jahrbuch  and  the  American  Ephemeris  differ  by  0''*3. 

Naval  Obseryatory,  1886,  January  21. 
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Art.  XXIX. — Notes  on  the  Juraesic  Strata  of  North  America  ; 
by  Charles  A.  White. 

At  various  places  in  Colorado,  Wyoming,  Dakota,  Utah, 
Montana  and  other  western  Territories,  there  are  frequent  and 
large  exposures  of  a  formation  which  geologists  and  paleontol- 
ogists have  agreed  in  referring  to  the  Jurassic  perioa.  It  has 
received  recognition  as  of  that  age  in  all  the  official  reports 
which  have  noticed  it ;  and  from  all  members  of  the  U.  S.  Geo- 
logical survey  who  have  written  upon  the  subject  Professors 
Marcou,  Newberry  and  Hay  den  and  other  early  explorers  rec- 
ognized the  formation  as  Jurassic,  but  it  is  to  the  late  Mr.  F. 
B.  Meek  that  is  due  the  credit  of  giving  the  first  exposition  of 
its  claims  to  that  recognition,  based  upon  a  publication  of  its 
invertebrate  fauna.  It  is  true  that  this  fauna,  even  as  it  is  at 
present  known,  is  a  meager  one,  but  its  character,  together 
with  the  position  of  the  formation  in  relation  to  those  which 
underlie  and  overlie  it,  has  been  deemed  sufficient  warrant  for 
the  opinion  referred  to. 

The  formation  in  question  is  usually  spoken  of  simply  as 
Jurassic,  but  it  has  received  local  names  by  some  authors,  and 
some  of  its  divisions  have  also  received  subordinate  names. 
Some  geologists  have  also  grouped  the  whole  formation  together 
with  a  large  series  of  underlying  beds  which  have  been  gene- 
rally considered  as  of  Triassic  age,  under  the  compound  name 
of  Jura-Trias.  Major  Powell  called  the  Jurassic  portion,  the 
Flaming  Gorge  Group:  and  Professor  Marsh,  dividing  the 
Jurassic  beds  into  two  parts,  has  given  the  upper  part  the  name 
of  Atlantosaurus  beds,  and  the  lower  part  the  name  of  Sanrano- 
don,  or  Baptanodon  beds. 

It  is  in  the  lower  division  only,  so  far  as  I  am  aware,  that 
any  invertebrate  fossils  have  been  found  :  and  it  is  upon  these 
that  was  based  the  earliest  published  opinion  as  to  the  Jurassic 
age  of  the  formation.  But  from  both  divisions  there  has  been 
obtained  an  exceedingly  rich  and  remarkable  vertebrate  fauna. 
This  fauna  has  been  brought  out  mainly  by  Professor  Marsh, 
who  has  published  the  results  of  his  investigations  in  this  Jour- 
nal from  time  to  time  during  the  past  eight  years.  It  is  mainly 
reptilian,  but  it  also  embraces  many  mammalian  form&  Pro- 
fessor Marsh  refers  all  this  remarkable  fauna  unhesitatingly 
to  the  Jurassic  period,  and  all  paleontologists  agree  with  him 
in  this  respect.  Let  it  be  remembered  that  a  part  of  this  ver- 
tebrate fauna  is  associated  in  the  same  layers  with  the  inverte- 
brate fauna  which  has  been  referred  to,  and  a  part  of  it  comes 
from  layers  which  overlie  them. 
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The  discovery  of  this  great  vertebrate  fauna  seemed  to  set- 
tle the  qaestion  ol  the  Jurassic  age  of  the  formation  in  the 
minds  of  paleontologists  generally;  but  Mr.  J.  P.  Whiteaves, 
Paleontologist  to  the  Canadian  Geological  Survey,  has  lately 
published  in  one  of  the  volumes  of  that  survey,  views  which 
are  entirely  adverse  to  those  hitherto  held  by  all  others.*  In 
that  work  he  describes  and  figures  some  fossils  which  were  col- 
lected by  Mr.  James  Eichardson  and  Dr.  G.  M.  Dawson  at 
Queen  Charlotte  Islands,  on  the  west  coast  of  British  Columbia. 
The  fossils  are  reported  to  have  come  from  a  series  of  strata  some 
13,000  feet  in  thickness,  all  of  which  are  referred  to  the  Creta- 
ceous period.  The  principal  fossiliferous  horizon  of  this  series 
is  about  its  middle,  and  it  bears  an  abundant  and  characteristic 
Cretaceous  moUuscan  fauna,  which  is  regarded  by  Mr.  W  hi  leaves 
as  equivalent  with  that  of  the  Gault  or  Middle  Cretaceous. 

Among  this  Middle  Cretaceous  fauna  Mr.  Whiteaves  announ- 
ces his  identification  of  eight  or  nine  moUuscan  species  with 
forms  that  are  common  in  our  Jurassic  rocks,  to  which  refer- 
ence has  already  been  made.  He  therefore  regards  our  Juras- 
sic formation  not  only  as  of  Cretaceous  age,  but  he  places  it  in 
the  middle  of  that  series.  With  sincere  regard  for  the  paleon- 
tological  ability  of  Mr.  Whiteaves,  I  quite  fail  to  agree  with 
him  either  as  to  the  Cretaceous  age  of  those  strata,  or  with  his 
identification  of  any  of  its  species  in  the  British  Columbian 
rocks.  He  has  stated  his  case  plainly  in  the  publication  refer- 
red to ;  and  upon  the  occasion  of  a  late  visit  to  the  museum  of 
the  Canadian  Survey  at  Ottawa  he  kindly  permitted  me  to 
examine  the  British  Columbian  collections,  including  the  speci- 
mens which  he  regards  as  identical  with  species  found  in  our 
Jurassic  rocks.  The  following  is  a  list  of  the  species  to  which 
he  refers  them ;  following  which  are  my  remarks,  based  upon 
an  examination  of  his  specimens  and  a  considerable  familiarity 
with  tl^e  type  specimens  of  those  species. 

1.  Belemnites  densus  Meek  &  Hayden. 

2.  Lyasoma  PoioelH  White. 

3.  Myacitea  (Fleuromya)  subcompresaa  Meek. 

4.  Astarte  Packardi  White. 

5.  Area  (CucuUcea)  inornata  M.  <fe  H. 

6.  Modiola  (  Vblsella)  subimhricata  M.  &  H. 

7.  Pteria  (  Oxytoma)  mucronata  M.  &  H. 

8.  Camptonectes  extenuatus  M.  <fc  H. 

9.  GryphcBa  Nebrascensis  M.  <fc  H. 

(1.)  Belemnites  denaus.  Mr.  Whiteaves's  collection  contains 
only  one  specimen  which  he  refers  to  this  species,  and  that  is 

*  8oe  Volume  i,  Part  Tir,  Mesozoic  Fossils.  Dawson  Brothers :  Montreal,  April, 
1884. 
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too  imperfect  to  be  satisfactorily  identified  as  belonging  to  any 
particular  species  out  of  many  that  migbt  be  mentioned.  See 
his  figure  of  it  (loc.  cit.) 

(2.)  Lyosoma  Powellu  Mr.  Whiteaves  was  in  doubt  as  to  the 
true  identity  of  this  form  with  his  Vantkoro  puhhella,  I  am 
confident  that  the  two  shells  are  not  only  specifically  different, 
but  that  they  belong  to  separate  families;  the  Vanikoro  to  the 
NeritopsidsB,  and  the  Lyosoma  to  the  Velutinidae. 

(3.)  MyadUs  {Pleuromya)  subcompresaa.  The  British  Colum- 
bian collection  contains  many  specimens  of  the  form  which  Mr. 
Whiteaves  refers  to  this  species,  showing  a  wide  range  of  varia- 
tion; but  they  are  all  in  such  a  state  of  preservation  as  to 
show  only  the  external  form  and  surface  characters  of  the 
shell.  They  also  belong  to  a  type  of  shells  which,  so  far  as 
can  be  determined  from  the  fossils  as  they  are  usually  found, 
ranges  from  the  Carboniferous  to  the  Cretaceous  inclusive. 
Indeed  this  type  is  so  constant  in  general  character  that  its 
variation  in  any  part  of  its  great  chronological  range  is  scarcely 
greater  than  is  the  interspecific  variation  which  Mr.  Whiteaves 
has  shown  to  exist  among  his  British  Columbian  specimens. 
Therefore  I  regard  the  identification  of  a  species  belonging  to 
this  type  as  unreliable  if  opposed  by  contrary  evidence. 

(4.^  Astarte  Packardi,  The  British  Columbian  specimens 
whicn  Mr.  Whiteaves  refers  to  this  species  are  certainly  very 
closely  like  the  type  specimens  of  J..  Packard^  so  far  as  exter- 
nal form  and  surface  characters  are  concerned.  It  is  also  in 
these  respects  much  like  an  unpublished  form  which  I  have 
seen  among  a  collection  of  Cretaceous  fossils  from  New  Mex- 
ico. The  hinge  and  interior  markings  of  this  form,  as  well 
as  that  of  A.  Packardi^  are  unknown ;  and  they  cannot  there- 
fore be  compared  in  these  important  respects  with  the  British 
Columbian  specimens. 

(5.)  Area  (Cucullcea)  inornata.  Mr.  Whiteaves's  specimens 
are  not  in  a  condition  to  show  the  hinge,  nor  are  their  external 
characters  well  preserved.  He  refera  his  shell  to  the  genus 
Orammatodon^  but  I  could  discover  none  of  the  characters  by 
which  its  exact  generic  relations  may  be  known  among  the 
numerous  divisions  of  the  Arcidse. 

(6.)  Modiola  (Volsella)  subimbricaia.  Only  three  specimens 
were  obtained  at  Queen  Charlotte  Islands,  and  these  are  dis- 
torted and  too  imperfect  for  satisfactory  specific  identification. 

(7.)  Plena  {Oxyioma)  mucronata.  Mr.  Whiteaves  had  only 
one  imperfect  specimen  of  one  valve.  The  most  that  can  be 
said  of  it  is  that  it  apparently  indicates  a  form  which  is  much 
like  the  P.  (0.)  mucronata  of  Meek  &  Hayden. 

(8.)  Camptonecles  exienuaius.  Mr.  Whiteaves  refers  his  speci- 
men, a  single  valve,  with  doubt  to  this  species.     In  view  of  the 
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imperfection   of  his  material  and  the  slight  range  of  specific 
yariation  in  this  senas  I  think  his  doabt  is  well  founded. 

(9.)  Oryphaea  Ndn-ascensis.  Every  paleontologist  knows  how 
unsatisfactory  is  specific  identification  among  the  OstreidaB. 
Even  if  the  resemblance  between  the  British  Columbian  and 
Dakota  specimens  is  really  as  great  as  Mr.  Whiteaves  thinks  it 
is,  there  would  still  be  room  for  doubt  as  to  specific  identity, 
especially  in  view  of  conflicting  evidence.  In  fact,  however, 
they  differ  from  each  other  quite  as  much  as  many  recognized 
species  do;  and  the  British  Columbian  form  is  more  nearly 
like  Oryphcea  navia  of  the  Cretaceous  of  Texas,  than  the  &, 
Nebrascensis  of  Meek  &  Hayden. 

A  glance  at  the  foregoing  list  will  show  that  nearly  all  the 
genera  there  represented  are  noted  for  the  small  range  of  varia- 
tion which  is  ODservable  among  the  species  of  each.  In  fact 
they  are  just  such  forms  as  those  upon  the  specific  identifica- 
tion of  which  one  ought  least  to  rely;  especially  in  case  the 
I         specimens  are   not  numerous  and  perfect,  and  the  incidental 

evidence  is  conflicting. 
I  There  is  another  important  fact  which  deserves  great  con- 

I  sideratiou  in  this  connection.  The  British  Columbian  speci- 
!  mens  are  associated  with  numerous  characteristic  Cretaceous 
forms,  the  latter  constituting  the  more  distinctive  feature  of 
that  fauna.  On  the  contrary,  not  one  of  those,  or  any  other 
distinctively  Cretaceous  types  has  ever  been  found  in  our  Juras- 
sic strata  at  any  of  the  many  hundreds  of  localities,  extending 
over  many  thousands  of  square  miles,  at  which  fossils  have 
been  collected  from  it.  And  our  Jurassic  molluscan  fauna  is 
also  very  constant  in  its  character  at  all  the  places  where  it 
'  has  been  found.  Furthermore,  Mr.  Whiteaves  does  not  claim 
to  have  discovered  any  of  our  Jurassic  Ammonitidse,  nor  Ju- 
rassic vertebrates,  in  the  British  Columbian  rocks. 

Whatever  may  be  the  true  geological  age  of  the  formation 
which  all  American  geologists  have  hitherto  referred  to  the 
Jurassic,  its  identity  with  any  of  the  strata  from  which  Mr. 
Whiteaves'  fossils  came  is,  in  my  opinion,  in  no  measure  proved 
by  any  of  the  species  he  has  shown  them  to  contain.  Still, 
such  challenges  of  received  opinions  as  be  has  made  are  not 
only  the  privilege  of  every  paleontologist,  but  they  serve  an 
excellent  purpose  in  causing  men  to  examine  more  closely  into 
the  ground  of  their  opinions,  and  call  for  a  public  statement 
of  their  reasons  for  holding  them. 

Although  I  do  not  regard  the  evidence  which  Mr.  Whiteaves 
has  presented  as  at  all  supporting  his  position,  there  are  two 
circumstances  which  apparently  favor  the  doubt  which  the 
publication  of  his  views  may  have  raised  as  to  the  true  age  of 
the  formation  which   we   have  always  regarded   as  Jurassia 
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First,  the  invertebrate  fauna  of  that  formation  is  meager. 
Second,  there  is,  as  I  believe,  always  an  apparent  conformity 
between  the  Dakota  Group  of  the  Cretaceous  series  and  the 
Jurassic  formation,  wherever  they  have  been  found  in  contact 
While  I  do  not  think  that  this  conformity  really  proves  that 
there  is  no  hiatus  between  the  two  formations,  I  think  the  cir- 
cumstance of  its  existence  more  worthy  of  consideration  than 
the  assumed  specific  identifiqation  of  the  fossils  which  I  have 
commented  on.  I  regard  these  circumstances  as  at  most  only 
slightly  opposing  the  evidence  in  favor  of  the  Jurassic  a^e  of 
the  strata  in  question  which  is  afforded  by  its  fossils,  especially 
its  vertebrate  fauna. 

These  Jurassic  strata  are  evidently  not  homotaxially  related 
to  the  other  North  American  strata  which  have  by  some  authors 
been  referred  to  the  Jurassic.  I  refer  to  the  Aucella-bearing 
rocks  and  their  equivalents,  which  have  been  found  in  Cali- 
fornia, Washington  Territory,  British  Columbia,  Alaska,  and 
the  east  coast  of  Greenland.  Mr.  Whiteaves  follows  Eichwald 
in  referring  these  strata  to  the  Neocomian  ;  and  I  have  sug- 
gested that  thev  occupy  a  position  upon  the  confines  of  the 
Neocomian  ana  Jurassic.  These  west  coast  and  arctic  beds 
appear  to  have  no  true  equivalents  in  the  United  States  to  the 
eastward  of  the  Pacific  Coast  region. 


Art.  XXX. — Meteoric  Iron  from  CoahuHa^  Mexico;  by 
N.  T.  LuPTON. 

While  on  a  visit  to  Mexico  in  July,  1879, 1  was  shown  a 
a  mass  of  iron,  said  to  be  a  meteorite,  near  the  house  of  a  gentle- 
man who  lived  in  the  vicinity  of  Santa  Bosa,  a  small  town  in 
the  State  of  Coahuila  about  120  miles  south  of  Eagle  Pass, 
Texas.  According  to  information  received  at  the  time,  this 
meteorite  was  found  in  the  desert  between  Santa  Bosa  and  the 
city  of  Chihuahua,  about  one  hundred  miles  distant  from  the 
former  place,  and  was  brought  to  Santa  Bosa  by  a  Mexican 
named  Juan  Oarca.  I  was  also  told  that  twelve  years  previous 
to  my  visit  an  expedition  was  sent  out  to  bring  in  several 
similar  masses  from  the  same  locality,  which  were  secured  and 
sent  to  the  United  States  by  Dr.  Butcher,  ^an  American  who 
was  then  living  at  Candela.  The  mass  from  which  I  succeeded 
in  detaching  about  half  a  pound  was  said  to  weigh  192  lbs.,  bat 
I  had  no  means  at  hand  to  verify  this  weight  It  was  of  irreg- 
ular shape,  measuring  in  three  perpendicular  directions  18,  11, 
8  inches.  A  small  piece  had  apparently  been  cut  from  one 
end.     Owing  to  its  strong  resemolance  to  common  malleable 
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iron,  and  to  the  fact  that  nitric  acid  failed  to  develop  the  so- 
called  Widmannst&ttian  figures  on  a  surface  carefully  polished, 
I  was  led  to  doubt  the  statement  of  its  origin.  Since  that  time, 
however,  mj  attention  has  been  called  to  the  article  of  Dr. 
Lawrence  Smith  on  *'  Coahuila  Meteorites  of  1868  "  in  this  Jour- 
nal, vol.  xlvii,  page  388,  and  in  his  *'  Scientific  Besearches,''  page 
846,  in  which  several  similar  masses  are  spoken  of  as  having 
been  brought  to  this  country  from  near  Santa  Rosa.  This  in- 
duced me  to  analyze  carefully  a  portion  of  the  piece  now  in  my 
possession  with  the  following  results. 

Iron 91-86  Cobalt "60 

Nickel 7*42  Phosphorus. ..     '27 

Dr.  Smith's  analysis  of  a  specimen  from  one  of  the  masses 
above  mentioned  yielded : 

Iron 92-96  Cobalt -48 

Nickel 6-62  Phosphorus...     -02 

Copper,  very  minute  quantity. 

The  similarity  of  eomposition  in  connection  with  other  circum- 
stances convinces  me  that  these  are,  in  all  probability,  fragments 
of  the  same  meteorite.  It  is  proper  to  state  that  after  careful 
examination  I  failed  to  find  the  least  trace  of  copper. 

According  to  the  account  which  Dr.  Smith  received  from  Dr. 
Butcher,  a  brilliant  meteor  passed  over  the  town  of  Santa  Bosa 
in  the  fall  of  1837  and  was  heard  to  explode  with  a  tremendous 
report  after  its  disappearance  among  the  mountains  toward  the 
northwest.  Search  was  made  for  it  the  next  day  by  Dr.  Long 
of  Santa  Bosa  with  a  party  of  friends,  but  without  success. 
Some  years  later.  Dr.  Butcher  undertook  the  search,  an  interest- 
ing account  of  which  is  given  in  the  article  above  referred  to. 

Dr.  Smith  remarks  that  while  it  matters  little  whether  the 
time  specified  is  that  of  the  fall  of  these  masses,  nevertheless, 
"it  forms  one  of  the  most  interesting  groupings  of  meteoric 
irons  known  in  any  part  of  the  world,  especially  as  the  masses 
are  solid  and  compact,  and  not  fragile  and  half  stony,  as  the 
Atacama  iron,  that  may  have  been  broken  artificially  after  its 
fall,  and  the  fragments  scattered  by  Indians  and  explorers  in 
search  of  silver.  Each  one  of  these  masses  merits  a  separate 
examination,  which  I  hope  to  be  able  to  give  sooner  or  later  to 
satisfy  my  mind  on  one  or  two  points  connected  with  their  com- 
mon physical  and  chemical  composition." 

Dr.  Smith's  description  is  applicable  to  the  specimen  in  my 
possession. 

Vaaderbilt  Uniyereity,  Nashrine,  Tenn. 
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Art.  XXXL — Optical  Projection  of  Acoustic  Ourves;  by 
W.  LeConte  Stevens. 

The  following  application  of  a  well  known  principle  may 
be  of  sufficient  interest  to  teachers  of  Physics  to  justify  its 

Eublication ;   it  has  not  been  elsewhere  described,  so  far  as  is 
nown  to  the  writer. 

By  appropriate  measurements  on  paper  the  sinusoids  repre- 
senting the  tones  composing  any  group  of  musical  sounds  can 
be  compounded,  and  the  resultant  curve  represents  the  con- 
cord or  discord  produced.  The  construction  of  such  curves 
involves  much  tedious  work.  Any  of  them  may  be  easily 
produced  and  optically  presented  on  a  screen  by  a  simple 
modification  of  the  method  commonly  employed  in  projecting 
Lissajous'  curves. 


Optical  Presentation  of  a  Concord, 

Select  a  pair  of  tuning  forks  provided  with  mirrors  and 
sounding  tones  whose  vibration  frequencies  bear  to  each  other 
such  a  simple  ratio  as  2  : 1  or  3:2.  Let  us  suppose  the  tones 
selected  to  be  C  and  G,  with  sixty-four  and  ninety-six  vibra- 
tions per  second  respectively.  Arrange  the  apparatus  as  for 
Lissajous'  experiment,  except  that  both  forks  shall  vibrate  in 
vertical  planes.  At  any  convenient  distance  in  front  of  the 
fork  from  which  the  second  reflection  of  light  occurs,  place  a 
mirror  capable  of  revolution  about  a  vertical  axis,  such  as  is 
used  with  the  manomeiric  flame.  From  this  the  spot  of  light 
is  focussed  upon  a  screen. 

Excite  the  G-fork ;  the  spot  is  lengthened  into  a  narrow 
vertical  band,  faint  in  the  middle  and  brighter  at  the  ends,  as 
approximately  shown  in  fig.  1,  AB.  Turn  the  mirror; 
the  band  is  broadened  out  into  a  series  of  sinusoids,  three 
of  which  are  represented  by  the  short-dotted  curve  in  fig.  1. 
Arrest  this  fork  and  excite  the  C-fork;  a  longer  vertical 
band,  CD,  is  produced;  and,  on  revolving  the  mirror,  this 
is  spread  into  sinusoids,  two  of  which  are  represented  by  the 
long-dotted  curve.    Excite  both  forks  while  the  mirror  is  at 
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rest ;  a  vertical  band  is  seen,  longer  than  either  of  the  previous 
ones,  with  spots  of  increased  brightness  not  only  at  the  ends 
but  also  at  intermediate  points,  the  beam  of  light  being  mo- 
mentarily arrested  at  several  intervals  in  each  compound 
vibration  (fig.  1,  EF).  On  revolving  the  mirror,  a  series  of 
compound  curves  appears  on  the  screen,  one  of  which  is  repre- 
sented by  the  continuous  curve  in  fig.  1.  In  this  the  two  forks 
are  supposed  to  begin  exactly  together.  If  there  be  any 
other  combination  of  phases  than  this,  the  result  is  a  cprre- 
spending  modification  in  the  form  of  the  curve.  Practically, 
by  loading  either  fork  very  slightly,  the  curve  may  be  changed  ' 
through  all  its  modifications  within  a  few  seconds. 


Optical  Presentation  of  a  Discord, 

Select  a  pair  of  unisonant  forks,  and  arrange  as  already 
described.  Load  one  of  them  until  any  desired  number  of 
beats  per  second  is  produced.  Excite  both  forks  while  the 
mirror  is  at  rest.  The  vertical  band  of  light  grows  alternately 
long  and  short,  with  the  swelling  and  softening  of  the  sound. 
Revolve  the  mirror  rather  slowly  but  uniformly  ;  the  sinuous 
curve  broadens  vertically  at  every  beat  and  is  narrowed 
at  every  approximate  silence  (fig.  2).  By  using  forks  of  mod- 
erately high  pitch  and  obtaining  six  or  eight  beats  per  second, 
discord  may  be  seen  and  heard  at  the  same  time. 

This  method  of  exhibiting  the  composition  of  musical  sounds 
is  in  some  respects  preferable  to  the  method  of  manometric 
flames,  being  visible  at  a  greater  distance,  and  showing  more 
readily  the  effect  of  diflFerence  of  initial  phase  in  determining 
the  quality  of  a  combination,  as  emphasized  by  Kdnig.* 

The  optical  projection  of  simple  vibratory  motion  is  quite 
familiar.  Tynaall,t  Blaserna:j:  and  others,  have  described  a 
method  of  projecting  the  curves  representing  beats;  but  their 
method  is  that  of  giving  rapid  motion  to  the  tuning  fork  from 
which  the  second  reflection  of  light  occurs.  With  so  small  a 
mirror,  fixed  upon  a  heavy  fork,  great  skill  is  needed  to  ensure 
success,  and  at  best  the  exhibition  is  only  momentary ;  or,  if 
continuous,  it  is  by  giving  angular  motion  in  successively 
opposite  directions,  and  hence  with  variable  velocity,  around  a 
point  on  the  mirror.     Thus  no  two  successive  sinusoids  can 

*  Kdnig,  Acoustique,  pp.  222-243,  Paris,  1882. 

ITyndall,  Sound,  pp.  366-369,  Appleton,  1877. 
Blasema,  Sound  and  Music,  pp.  160-162,  Appleton,  1876. 
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have  the  same  length.  Bj  keeping  both  forks  fixed,  and  util- 
izing the  revolving  mirror,  which  may  be  regulated  by  clock- 
work if  necessary,  any  desired  constant  rate  of  horizontal  mo- 
tion on  the  screen  is  secured.  £ither  or  both  forks  may  be 
made  to  vibrate  with  constant  amplitude  by  means  of  a  well 
known  electro-magnetic  attachment. 

Brooklyn,  Jan.  31,  1886. 


•  Art.  XXXII. — Measurement  of  Strong  Electrical  Ourrehts;  by 
John  Trowbridge. 

In  1871  I  described  in  this  Journal  a  new  form  of  galva- 
nometer which  I  called  the  Cosine  galvanometer.  Six  or  seven 
years  after  the  appearance  of  my  paper,  with  a  large  wood  cat 
of  my  instrument,  the  same  instrument  was  re-invented  in  Eng- 
land by  Mr.  Obach,  and  the  instrument  now  goes  by  the  name 
of  the  Obach  galvanometer  in  England,  and  is  manufactured 
by  the  Messrs.  Siemens,  for  the  measurement  of  strong  electrical 
currents. 

In  the  prosecution  of  an  investigation  upon  dynamo  electric 
machines  I  abandoned  the  cosine  galvanometer  in  favor  of  a 
dynamometer  which  I  invented,  and  a  full  description  of  which 
will  be  found  in  the  proceedings  of  the  American  Academy 
of  Arts  and  Sciences,  and  also  in  the  London  Philosophical 
Magazine.  It  seemed  to  me  then,  and  I  have  had  no  reason  to 
change  my  belief,  that  a  dynamometer  is  the  most  suitable 
instrument  for  measuring  strong  currents.  I  have  lately,  bow- 
ever,  employed  the  cosine  galvanometer  for  this  purpose  in  the 
following  manner:  The  galvanometer  is  mounted  so  that  its 
compass  is  at  the  center  of  a  large  circle  of  wire,  the  plane 
of  which  is  vertical  and  is  in  the  magnetic  meridian  or  in  the 
plane  of  the  needle  of  the  compass,  whatever  that  is.  When 
the  current  from  a  dynamo  machine  is  passed  through  the  large 
vertical  coil,  which  may  consist  of  a  single  wire,  the  arrange- 
ment answers  as  a  tangent  galvanometer.  I  then  connect  the 
movable  coil  of  the  cosine  galvanometer  with  a  Daniell  cell 
of  known  electro- motive  force,  place  in  the  same  circuit  a 
resistance  so  large  that  the  battery  resistance  can  be  neglected, 
and  having  joined  the  poles  in  such  a  manner  that  the  deflec- 
tion produced  by  the  coil  of  the  cosine  galvanometer  shall  be 
opposite  to  that  produced  by  the  current  from  the  dynamo 
machine  in  the  large  outer  coil,  I  incline  the  coil  of  the  cosine 
galvanometer  until  the  compass  needle  is  brought  again  to  zero. 

We  then  have,  if  we  represent  by  F  and  F'  the  force  pro- 
duced at  the  center  of  the  coils  by  the  current  from  the  dynamo 
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machine  and  by  the  Daniell  cell,  S  and  S^,  the  respective 
carrents;  r  and  r',  the  radii ;  n  and  n\  the  number  of  coils  in 
the  two  galvanometers,  and  H  the  horizontal  force  of  magnetism : 

_,     2;r«SH      ^,      2;rn'S'H  «      SVr 

F= =  F'  = cos  a  or  S  = >  cos  a 

r  r^  n  r 

The  strength  of  the  current  from  the  dynamo  is  thus  simply 
obtained  in  terms  of  the  current  from  the  standard  Daniell  cell, 
and  the  method  is  independent  of  the  strength  of  the  earth's 
magnetism,  or  of  the  special  field  in  which  the  instruments 
may  be  placed.  The  diameter  of  the  outer  coil  can  be  dimin- 
ished by  employing  Professor  Brackett's  method  of  passing  the 
current  through  one  coil  in  one  direction  and  through  an  inside 
coil  in  another.  In  an  experimental  trial  I  employed  simply  a 
scaffolding  of  wood,  upon  which  a  single  turn  of  wire  was  fixed 
as  a  vertical  circle. 

Jefferson  Physical  Laboratory. 


Abt.  XXXIII. — Divisibility  of  the  Archcean  in  the  Northwest; 
by  K.  D.  Irving. 

[Extract  fVom  Address  as  retiriog  President  of  the  Wisconsin  Academy  of  Sciences 
December  30th,  1884.] 

I  WILL  next  ask  you  to  follow  me  in  a  rapid  description  of 
the  occurrences  to  be  met  with  in  the  Penokee-Qogebic  iron 
region  of  Lake  Superior.*  This  is  a  belt  of  country  some 
sixty  miles  in  length,  stretching  from  Lake  Numakagon  in 
north  Wisconsin  to  Lake  Gogebic  in  north  Michigan.  The 
course  of  the  belt  is  in  general  north  of  east  Its  position  and 
those  of  the  various  rock  belts  of  the  region  are  indicated  on 
the  accompanying  sketch-map  (p.  240).t 

*  The  facts  upon  which  the  arguments  and  conclusions  of  this  paper  are  based 
are  in  part  given  in  vol.  iii  of  the  Geology  of  Wisconsin,  which  includes  an 
account  of  the  work  done  in  the  Penokee  District  of  Wisconsin  bj  Professor 
Chamberlin,  Mr.  C.  E.  Wright  and  myself.  Since  that  time  further  inyestigations 
in  this  region  have  been  begun  in  connection  with  the  IT.  S.  Geological  Survey  by 
my  assistant,  Professor  C.  R.  Van  Hise,  who  has  extended  the  work  of  the  Wis- 
consin Survey  into  Michigan  as  far  as  Lake  Gogebic.  In  working  over  his  results 
we  have  taken  occasion  to  revise  in  some  measure  the  Wisconsin  Surrey  work, 
the  collections  of  that  survey  being  at  our  command.  After  having  re-examined 
some  of  the  more  important  and  difQcult  points  in  the  field  during  the  coming 
season,  it  is  our  hope  to  prepare  together  a  general  account  of  this  very  interesting 
region.  By  special  permission  of  the  Director  of  the  U.  S.  Geologi<»l  Survey,  I 
am  able  to  make  use  of  knowledge  gained  in  our  work  in  this  region  for  the 
present  paper. 

f  The  map  which  was  used  in  connection  with  the  address,  and  from  which  this 
is  reduced,  was  drewn  on  a  scale  of  two  inches  to  the  mile.  In  reducing  so  very 
greaily  it  is  difficult  to  illustrate  all  of  the  points  spoken  of.  The  map  is  designed 
only  to  represent  the  distribution  of  the  formations  in  a  general  way. 

Am.  Joue.  Sci.— Third  Series,  Vol.  XXIX,  No.  171.— March,  1885. 
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In  the  southern  part  of  the  area  mapped,  we  find  oarselves 
in  the  northernmost  portion  of  a  great  area  of  gneiss  and  granite, 
associated  with  which  in  large  proportion  are  highly  foliated 
and  crystalline  hornblendic  and  chloritic  schists,  with  some 
mica-schists.  In  some  of  these  schists  distinct  evidences  are 
here  and  there  met  with  of  their  fragmental  origin.  These 
schiiBts  and  gneisses  are  arranged  more  or  less  distinctly  in  belt 
form,  bat  the  granite  with  them  occurs  in  great  irregular  areas, 
which  at  their  junction  with  the  more  regularly  bedded  rocks 
are  inextricably  interwoven  with  them.  Greenstones  of  various 
kinds  also  occur  in  intrusive  form.  The  whole  series  is  highly 
crumpled,  and,  if  the  schists  and  gneiss  are  in  any  measure  the 
result  of  the  metamorphisih  of  sediments,  as  they  certainly 
appear  in  part  to  be — witness  the  occurrence  in  the  schists  of 
unquestionable  fragmental  material — then  the  metamorphosing 
process  has  been  carried  very  far.  The  northern  edge  of  this 
gneissic  and  schistose  formation  is  not' formed  of  any  one  of  the 
rocks  which  go  to  make  it  up,  but  is  seen  to  be  made  here  of 
granite,  there  of  gneiss,  again  of  schist,  and  again  of  some  form 
of  'basic  eruptive,  the  foliation  planes  of  the  eneiss  and  schists 
commonly  making  a  greater  or  less  angle  with  the  bounding  line. 

Passing  now  beyond  this  northern  limit  of  the  gneiss-granite- 
schist  area — which  stretches  all  the  way  southward  to  Central 
Wisconsin — we  find  ourselves  on  a  belt  of  slate  which  averages 
some  500  feet  in  width.  This  belt  may  be  traced  continuously 
from  the  vicinity  of  Lake  Gogebic  to  that  of  Lake  Numakagon 
in  Wisconsin.  It  includes  many  varieties,  which  range  from 
vitreous  quartzite  to  quite  fine-grained  clay-slate ;  but  all  are 
plainly  fragmental,  and  do  not  present  evidences  of  any  consid- 
erable alteration.  The  quartzites  are  always  merely  indufated 
sandstones,  and  often*  the  induration  is  feeble,  and  the  rock 
little  more  than  a  friable  sandstone.  Except  when  we  reach 
the  immediate  vicinity  of  Lake  Gogebic,  where  a  change  in 
structure  comes  about  which  we  cannot  now  discuss,  the  layers 
of  this  sandstone  belt  dip  always  to  the  northward,  usually 
at  rather  hich  angles.  Following  this  belt  on  the  north,  we 
find  a  regular  succession  of  belts  of  auartzite,  graywacke^ 
black  slate,  iron-bearing  cherty  rocks  of  various  kinds,  and 
mica-schist  or  mica-bearing  quartzite;  all  of  which  rocks 
continue  to  dip  to  the  north.  Certain  interbedded  and  inter- 
secting masses,  plainly  of  eruptive  origin,  occur,  but,  with  the 
exception  of  these,  and  of  certain  belts  believed  to  be  in  part 
of  direct  chemical  origin,  the  whole  succession  is  made  up  of 
layers  which  contain  but  little  original  crystalline  material  and 
to  which  the  term  "  metamorphic,'*  in  the  sense  of  more  or  less 
thorough  recry stall ization  from  the  sedimentary  condition,  is 
hardly  applicaole. 
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Next  Dorth  again  of  tbis  succession  of  layers,  we  find,  follow- 
ing them,  in  what  appears  at  first  sight  to  be  a  conformable 
manner,  the  alternating  sandstones  and  eroptives  of  the  Ke- 
weenaw series.  A  closer  inspection,  however,  shows  that  this 
apparent  conformity  is  apparent  only,  consisting  merely  in  an 
approximate  general  parallelism  of  the  layers,  which  does  not 
inaicate  that  the  one  set  of  rocks  has  been  succeeded  by  the 
other  without  interval  of  time ;  for,  as  we  follow  the  junction 
line  of  the  two  terranes  eastward  or  westward,  we  find  the  over- 
lying formation  in  contact,  now  with  the  highest  layers  of  the 
under  one,  again  with  its  middle  layers,  and  again  with  mem- 
bers near  its  base.  Evidently  such  a  relation  can  find  only  one 
explanation ;  the  lower  formation  has  been  raised  above  the  sea 
and  subjected  to  a  long  continued  erosion  before  the  deposition 
upon  it  of  the  higher  one.  The  accompanying  diagram  will 
make  this  relation  and  explanation  so  obvious  that  further 
description  will  be  unnecessary. 

The  same  diagram  will  also  certainly  suggest  at  a  glance 
that  this  upper  unconformity  is  not  the  only  one  in  the  region. 
The  very  striking  manner  in  which  the  southern  limit  of  the 
r^ularly  arranged  succession  of  belts  of  the  slaty  formation  is 
formed,  to  the  southward,  now  by  granite,  again  Sy  gneiss,  and 
again  by  some  sort  of  schistose  rock,  certainly  suggests  a 
great  break  at  this  horizon.  If  the  gneisses,  granites,  etc.,  to 
the  south  of  this  limit,  after  being  smoothed  down  by  atmos- 
pheric agencies  had  then  formed  the  sea-bottom  upon  which 
the  slaty  series  was  piled  up  by  the  ordinary  processes  of  sedi- 
mentation, the  relations  would  be  precisely  such  as  we  have  here. 

To  the  argument,  which  has  been  and  doubtless  again  will 
be  presented  as  bearing  against  this  conclusion — that  the  more 
southerly  rocks  are,  or  may  be,  of  eruptive  origin,  and  there- 
fore are  naturally  irregular  in  distribution,  so  that  those  to  the 
north  necessarily  come  in  contact  with  difierent  kinds  in 
difierent  places — I  would  say  that,  accepting  for  the  moment, 
and  for  the  sake  of  the  argument,  the  eruptive  origin  for  them, 
it  is  to  be  observed  that  these  same  soutnerly  rocks  certainly 
have  not  been  extravasateid  subsequently  to  the  deposition  of 
the  succession  of  slaty  beds.  Had  they  been  so,  it  is  inconceiv- 
able that  a  series  of  eruptions  difierent  as  to  materials  and 
times  of  extravasation  should  all  have  stopped  so  nearly  on 
one  geological  horizon.  Some  of  them  would,  on  the  contrary, 
quite  surely  have  deeply  invaded  the.  slates.  But  of  such  an 
invasion  no  sign  whatever  is  to  be  seen,  either  in  the  general 
geographical  arrangement  of  the  different  kinds  of  rock,  or  of 
the  structural  details  observed  at  the  contacts.  Moreover — 
and  this  argument,  it  seems  to  me,  there  is  no  evading — the 
slates  contain   abundant  fragments    derived  from  the   more 
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southerly  granites,  gneisses  and  schists,  so  that,  if  eruptive, 
these  southern  rocks  were  extravasated  prior  to  the  deposition 
of  the  oldest  members  of  the  slaty  series,  and  thus  formed  the 
basement  upon  which  the  latter  was  accumulated.  But — the 
opposing  argument  would  be — granting  all  this,  there  is  yet 
no  proof  advanced  of  a  great  break,  inasmuch  as,  even  at  the 
present  time,  eruptives  of  modern  origin  are  having  geologically 
contemporaneous  sediments  piled  against  them.  The  mere 
superposition  of  sediment  upon  an  eruptive  is  no  proof  of  a 
geological  hiatus  between  the  two.  In  answer  to  this  argu- 
ment it  is  to  be  said  that  the  case  we  are  considering  finds  no 
parallel  among  such  modern  occurrences.  The  gneisses,  schists, 
granites,  etc,  forming  our  supposed  eruptives,  are,  if  eruptive, 
manifestly  not  to  be  compared  with  the  lavas  of  modern  times. 
On  the  contrary,  their  completely  crystalline  character  and 
general  structure  would  force  us  to  believe  that  they  solidified 
far  within  the  depths  of  the  earth,  and  that,  therefore,  before 
they  formed  the  bottom  of  the  sea  within  which  the  slaty  beds 
were  accumulated,  they  must  have  been  subjected  to  an  enor- 
mous atmospheric  erosion ;  and  that,  consequently,  we  do  have 
evidence  here  of  the  existence  of  a  genuine  geological  break, 
even  on  the  view  that  the  more  southerly  rocks  are  all  eruptives. 
But  an  eruptive  origin  for  all  of  these  rocks,  thus  admitted 
for  the  moment,  and  for  the  sake  of  the  argument,  I  can  by  no 
means  accept  The  granites  I  do  consider  as  oE  eruptive 
origin.  That  they  are  so  is  rendered  manifest,  as  it  seems  to 
me,  by  -the  way  in  which  they  intersect  the  associated  schists  at 
their  contacts  with  them.  Such  intersections,  as  already  noted, 
are  never  found  at  the  contacts  of  the  southern  granite  with 
the  overlying  slates.  It  remains  to  be  proved,  however,  that 
any  of  the  gneisses  and  schists  we  are  here  dealing  with  are  of 
eruptive  origin.  Some  of  the  schists  most  manifestly  are  not 
so;  for,  while  mainly  made  up  of  original  crystalline  material, 
they  yet  contain  at  times  matter  quite  evidently  of  fragmental 
origin,  as  may  be  seen  both  microscopically  and  on  the  larger 
scale.  Now,  if  these  gneisses  and  schists  are  of  sedimentary 
origin,  then  they  certainly  passed  through  processes  of  disloca- 
tion, alteration  and  erosion  before  the  deposition  upon  them  of 
the  earliest  member  of  the  overlying  series. 

So  far,  however,  I  have  considered  only  the  general  relations 
of  the  two  sets  of  rocks.  Other  arguments,  in  favor  of  the 
existence  here  of  a  great  unconformity,  can  be  drawn  from 
certain  minor,  yet  very  important  phenomena  to  be  observed  at 
the  contacts  of  the  two  formations.  In  the  first  place,  at 
several  of  the  points  where  actual  contacts,  or  close  approxi- 
mations of  exposures  of  the  two  formations  are  to  be  observed, 
there  is  a  marked  discordance  in  strike  and  dip  between  the 
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lamination  directions  of  the  older  schists  and  newer  slates, 
while  at  others  of  these  points  these  directions  are  more  nearly 
in  parallelism.  In  the  newer  or  slaty  series,  the  lamination, 
being  manifestly  the  result  of  sedimentary  deposition,  conforms 
always  to  the  general  courses  of  the  slaty  belts,  and,  since  these 
courses  vary  considerably,  as  indicated  on  the  accompanying 
chart,  the  lamination  directions  vary  also.  Such  a  relation  of 
lamination  planes  as  this — discordance  at  some  points,  accord- 
ance at  others — is  precisely  what  should  be  expected  along  an 
unconformable  contact  line,  and  could  occur  under  no  other 
circumstances;  the  underlying  rocks  being,  in  part  at  least, 
certainly  of  sedimentary  origin.  It  is  no  argument  against 
this  view,  to  maintain  that  the  lamination  of  the  older  set  of 
rocks  is  in  this  case  what  is  known  to  geologists  as  foliation, 
and  not  the  result  of  sedimentation.  I  have  little  doubt  that 
it  is  often  foliation,  i.  e.  a  structure  in  some  way  due  to  the 
intense  squeezing  which  these  older  schists  have  undergone, 
and  one  which  very  possibly  often  occupies  a  position  quite 
oblique  to  the  original  bedding  directions.  Manifestly,  how- 
ever, this  foliation  must  have  been  produced  before  the  deposi- 
tion of  the  first  of  the  overlying  slaty  rocks,  for  otherwise  the 
latter  must  have  been  affected  also  by  a  foliation  similar  in 
character  and  direction.  But  there  is  no  true  foliation  about 
them,  and  what  there  is  occasionally  approaching  it  is  always 
manifestly  parallel  to  the  bedding  planes,  and  thus  commonly 
discordant  with  that  of  the  schists  below.  The  occurrence  of 
foliation  on  one  side  of  a  contact  line,  and  its  absence'on  the 
other,  where  this  contact  is  one  between  two  great  and  dissim- 
ilar sets  of  rocks,  is  in  itself  strongly  suggestive  of  the  exist- 
ence here  of  a  great  unconformity.  Moreover,  two  points,  at 
least,  have  been  observed  on  this  contact  line,  where  this  dis- 
cordance in  the  directions  of  the  lamination  of  the  older  and 
newer  rocks  is  to  be  made  out,  not  merely  from  closely  approx- 
imated exposures  of  the  two  formations  but  from  actual  visible 
contacts.  Descriptions  of  both  of  these  localities  have  already 
been  published.*  The  contacts  are  certainly  not  those  of 
eruptives  with  previously  formed  sediments;  on  the  contrary, 
they  are  exactly  what  they  should  be,  had  the  lower  schists 
formed  an  irregular  bottom  upon  which  the  newer  slates  were 
deposited. 

Still  another  thing  going  to  show  the  complete  distinctness 
between  the  two  sets  of  rocks  we  are  considering  is  the  plenti- 
ful occurrence,  in  certain  layers  of  the  higher  series,  oi  frag- 
ments derived  from  the  lower  one.  These  fragments  occur  at 
times  a  third  of  the  way  up  in  the  newer  seriea     They  are 

*  Geol.  of  Wis.,  vol  iii,  pp.  98,  116,  117.  Also  AnDual  Report  of  Qeol.  SurVey 
of  WisconsiQ  for  1877,  p.  26. 
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also  to  be  seen,  however,  at  its  base,  on  the  contact  line. 
There  are  places,  as  has  recently  been  ascertained  by  Professor 
C.  R  Van  Hise,  of  the  IT.  S.  Geological  Survey,  where  one 
may  pass  within  a  few  steps  from  ledges  of  gneiss  of  the,  older 
formation  to  others  of  the  lowest  memoer  of  the  newer,  the  slate 
being  crowded  with  fragments  derived  from  the  gneiss.  Even 
the  matrix  portion  of  the  rock  is  composed  of  gneissic  detritas, 
while  a  few  paces  farther  away  from  the  gneiss  it  has  graded 
into  an  ordinary  quartzite,  i.  e.  is  merely  an  indurated  sand- 
stone. As  is,  of  course,  well  known  to  every  geologist,  the 
mere  occurrence  of  fragments  of  a  lower  rock  witnin  the  mass 
of  a  higher  one  does  not  always  prove  a  great  time  gap  between 
the  two  rocks,  but  merely  the- relative  ages  of  the  two;  for  any 
rock  which  reaches  the  solidified  state  rapidly  may  yield  of  its 
material  to  overlying  sediments  as  soon  as  beaten  upon  by  the 
waves  of  the  sea.  Thus  lavas,  and  certain  forms  of  chemical 
deposits,  have  furnished  fragments  often  to  geologically  con- 
temporaneous beds.  The  present  case,  however,  finds  no  par- 
allel in  such  occurrences,  for  here,  even  if  admitted  for  the 
sake  of  argument  to  be  eruptive,  the  rock  which  has  furnished 
the  fragments  has  quite  certainly  never  solidified  at  the  sur- 
face, but  has  had  removed  from  it  before  it  could  be  broken 
by  the  waves  of  the  sea  an  immense,  thickness  of  rock  material. 
Moreover,  it  is  not  only  the  gneisses  that  have  furnished  frag- 
ments to  the  overlying  seriea  Fragments  of  the  schists  accom- 
panying them  are  also  frequently  met  with  in  the  slates  of  the 
apper  series. 

It  may  be  said,  in  passing,  that  these  "recomposed"  rocks, 
which  occur  in  these  slates,  close  to  the  sources  of  the  detrital 
material  of  which  they  are  made,  have  quite  striking  parallels 
among  the  Triassic  sandstones  of  the  Connecticut  Yalley. 
These  sandstones  lie  in  a  trough  of  granite,  gneiss,  mica  schist^ 
etc.  They  are  described  as  nearly  always  highly  feldspathic, 
and  little  sorted.  At  certain  points  the  sorting  process  has 
been  so  entirely  omitted  that  the  indurated  detritus  is,  macro- 
scopically,  difficult  to  distinguish  from  the  parent  rock.  Pro- 
fessor J.  D.  Dana,  to  whom  I  am  indebted  for  first  calling  my 
attention  to  these  recomposed  Triaasic  rocks,  has  kindly  fur- 
nished me  with  specimens  of  the  sandstones  and  of  the  crystal* 
line  r^cks  from  which  they  are  derived.  We  have  made  and 
studied  thin  sections  of  these  sandstones  and  have  compared 
them  with  a  number  of  the  recomposed  rocks  from  various 
points  in  the  Lake  Superior  Archaean  region,  and  have  found 
them  to  be  of  precisely  the  same  nature  and  origin. 

Attention  should  next  be  invited  to  certain  occurrences  indi- 
cated  on   the  accompanying  diagram,*  which  have  been  ap- 

*  DifScalt  to  show  on  the  small  scale  of  the  reduced  figure  printed  herewith. 
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pealed  to  as  indicating  the  formation  by  eruptive  ngencied  of 
the  more  southerly  rocks  subsequently  to  the  formation  of  the 
entire  series  of  higher  ones.  We  have  already  seen  that  these 
southern  rocks,  if  eruptive,  must  quite  certainly  have  been 
formed  prior  to  the  more  northerly  series,  the  occurrence  of 
detritus  from  them  in  the  latter  alone  being  sufficient  to  render 
this  certain.  But  even  were  this  not  manifestly  so,  the  occur- 
rences of  which  I  am  about  to  speak,  as  I  think,  furnish  no 
arguments  to  the  contrary.  The  accompanying  outline  map 
shows  that  while  the  base  of  the  slate  series  is  usually  made 
up  of  the  slate  member  to  which  reference  has  repeatedly  been 
made,  there  yet,  at  times,  comes  between  it  and  the  lower  rocks 
a  thin  layer  of  limestone.  Upon  this  occurrence  the  argument 
has  been  based  that,  since  the  lower  rocks  come  into  contact 
with  difiFerent  members  of  the  higher  series,  they  are  of  neces- 
sity subsequent  eruptives.  Now  in  the  first  place,  there  is 
good  reasoti  to  believe  that  the  limestone  here  concerned  is  a 
mere  local  phase  of  the  slate  member  itself ;  and,  in  the  second, 
even  if  it  be  a  distinct  member  of  the  series,  then  its  occurrence 
at  some  points  and  absence  at  others  is  precisely  what  should 
be  expected,  if  we  are  here  dealing  with  an  unconformable  con- 
tact ;  for  the  surface  of  the  lower  rocks  would  of  course  have 
some  corrugation,  in  the  depressions  of  which  the  lower 
layers  of  the  slate  series  would  accumulate,  while  the  eleva- 
tions would  remain  uncovered.  Indeed,  as  any  one  glancing 
at  the  accompanying  map  must  admit,  the  line  of  contact  here 
is  singularly  free  from  such  irregularities  as  might  on  this  view 
reasonably  be  expected  to  occur. 

Summarizing,  then,  I  find  proof  of  the  existence  of  a  great 
unconformity  between  the  two  formations  we  have  been  fol- 
lowing : — 

1.  In  the  manner  in  which  the  regularly  succeeding  belts  of 
the  higher  series  traverse  the  courses  of  those  of  the  lower. 

2.  In  the  strong  contrast  between  the  two  series  as  to  rock 
kinds,  the  bedded  members  of  the  lower  series  having  arrived 
at  a  nearly  complete  recrystallization,  while  those  of  the  higher 
are  but  little  altered. 

3.  In  the  highly  folded  and  contorted  condition  of  the  lower 
series,  as  contrasted  with  the  unfolded  condition  and  simple 
stratigraphy  of  the  higher.  . 

4.  In  the  striking  contrast  between  the  contacts  of  the  gran- 
ite with  the  lower  schists  and  with  the  higher  slates,  the  for- 
mer being  invaded  by  it  in  an  intricate  manner,  the  latter  never, 
when  the  two  come  together  ;* 

*  Granite  in  veins  and  intersecting  masses  occurs  among  the  upper  mica  Khista 
of  the  Peookee  series  (see  map)  but  this  always  of  a  different  character  fh)m  the 
granite  at  the  southern  contact  which  has,  as  yet,  never  been  found  to  intersect 
the  slates. 


Digitized  by 


Google 


H,  D,  Irvinff — DivisibUiiy  of  the  ArchoBcm,         245 

5.  In  the  discordant  laminations  of  the  two  sets  of  rocks 
when  seen  in  contact  or  close  proximity. 

6.  In  the  occurrence  in  the  upper  series,  not  only  at  horizons 
above  the  base,  but  also  at  points  on  the  contact  line,  of  abund- 
ant detrital  material  derivea  fro/n  the  lower  series. 

The  succession  of  formations  in  this  region  is,  then,  as  I  see 
the  matter,  as  follows,  beginning  with  the  southernmost  or  old- 
est: (1)  gneiss-graniU-green-schist  formation ;  great  unconform- 
ity; (2)  iron-hearing  slate  formation ;  unconformity;  Keweenaw 
series. 

Turning  next  our  attention  to  the  Marquette  Region  of 
Michigan,  we  note  at  once,  that,  while  the  slaty  iron-bearing 
formation  here  displayed  is  manifestly  and  by  common  consent 
the  same  as  that  oi  the  Penokee-Gogebic  region  just  described, 
in  one  point  it  presents  with  the  latter  a  marked  contrast  I 
refer  to  its  highly  folded  condition.  In  a  general  way,  it  may 
be  said  that  the  rocks  of  this  region  lie  in  a  trough  or  troughs 
whose  sides  are  formed  of  granitic  and  gneissic  material. 
Within  the  troughs  the  slaty  rocks  are  strongly  crumpled. 
With  regard  to  their  stratigraphical  arrangement  somewhat  . 
discordant  views  have  been  held,  the  crumpling  having  made* 
correct  determination  in  this  respect  often  difficult  There  can, 
however,  as  it  seems  to  me,  be  no  question  that  Dr.  C.  Rom- 
inger,  whose  personal  acquaintance  with  the  Marquette  region  is 
more  extensive  than  that  of  any  other  geologist,  is  correct  in 
regarding  certain  greenish  schists,  which  frequently  intervene 
between  the  iron-bearing  slates  and  the  granite  and  gneiss,  as 
the  basement  upon  which  the  rest  of  the  slaty  series  was  spread. 
These  greenish,  generally  hornblendic  schists,  are  Rominger's 
'*T)iori tic  Group,"  and,  if  of  sedimentary  origin,  as  they  seem 
in  some  measure  undoubtedly  to  be,  they  are  now  in  a  highly 
metamorphosed  condition,  being  in  the  main  made  up  of 
original  crystalline  material.  Where  these  greenish  schists 
come  into  contact  with  the  bounding  granite,  the  latter  pene- 
trates them  in  the  most  intricate  manner,  so  that  one  cannot 
resist  the  conclusion  that  it  is  the  more  recently  formed  rock. 
From  this  unmistakable  relation,  regarding  his  Dioritic  Group 
as  the  lowest  member  of  the  slaty  or  iron-bearing  series.  Dr. 
Rominger  naturally  passes  to  the  conclusion  that  the  gran- 
ites are,  in  large  measure,  subsequent  to  this  entire  series, 
whose  present  crumrpled  and  trough-like  arrangement  he  con- 
nects with  the  subsequent  protrusion  of  the  granite  masses  on 
either  side.  To  me,  however,  it  seems  plain  that,  in  the  green- 
ish schists  at  the  base  of  the  Marquette  iron-bearing  series  we 
have  the  equivalents  of  those  just  described  as  occurring  south 
of  the  Penokee-Gogebic  iron-bearing  series,  like  which  they 
form,  as  I  conceive,  part,  not  of  the  higher,  but  of  the  lower 
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formation.  On  this  view,  the  stracture  of  the  Marquette 
region  becomes  plain.  The  slate  series  above  the  greenish 
schists,  in  the  mam  composed  of  relatively  little  altered  rocks, 
was  originally  built  up  upon  a  basement  composed  of  granite, 
gneiss,  and  these  greenish  schists  themselves,  and  subsequently 
was  pushed  into  trough-like  forms  by  lateral  pressure  Denu- 
dation then  brought  matters  to  their  present  condition. 

To  support  this  view  we  have  many  of  the  same  arguments 
as  advanced  in  the  case  of  the  Penokee  region.  Discordance 
of  lamination,  on  account  of  the  highly  crumpled  condition  of 
the  whole  succession,  and  of  the  common  lateral  pressure  to 
which  both  basement  rocks  and  overlying  slates  have  been 
subjected,  is  here  naturally  not  to  be  readily  made  out  But 
the  other  arguments,  viz:  the  penetration  of  the  greenish 
schists  by  the  granites  where  the  two  come  into  contact,  as 
contrasted  with  the  entire  absence  of  any  such  relation,  where 
the  bounding  granite  forms  contacts,  as  it  does  at  a  number  of 
places,  with  the  slates  and  quartzites  above  the  greenish  schist 
group;  the  occurrence  in  the  lower  series  of  only  highly 
altered  sediments,  gneiss  and  granite,  while  the  higher  rocks 
are  relatively  little  altered  ;  the  occurrence  in  the  higher  series 
*of  fragments  from  the  lower,  *'  re-composed  "  rocks,  occurring 
at  points  where  the  quartzites  of  the  upper  series  come  into 
contact  with  the  gneisses  of  the  lower — ^all  of  these  arguments 
hold  her^  as  well  as  in  the  Penokee  region.  Here  then  again 
it  seems  to  me  plain  that  we  have  to  deal  with  a  lower  or 
greenish-schist^  gneiss-granite  member^  and  a  higher,  unoonform- 
ably  overlying,  slaty ^  iron-hearing  member. 

Thus  it  appears  that  in  two  portions  of  the  Lake  Superior 
Region  we  have  a  distinct  separation  of  the  Archsdan  into  two 
members.  Were  the  time  at  our  disposal,  and  could  it  be 
done  without  wearying  you,  I  could,  I  think,  present  similar 
arguments  in  favor  of  the  existence  of  two  similar  divisions  at 
various  other  points  in  the  Lake  Superior  Archaean  Region. 

There  is,  indeed,  one  way  in  which  we  can  avoid  the  conclu- 
sion which,  as  it  seems  to  me,  has  thus  been  forced  upon  us, 
viz:  that  the  Archsean  of*  this  region  is  divisible  into  at  least 
two  wholly  separate  members.  This  is  by  throwing  the  newer 
of  the  two  divisions  into  the  Cambrian  and  calling  only  the 
lower  one  of  the  two  Archaean.*    By  so  doing,  however,  we 

*  This  is  essentiallj  what  N.  H.  Winchell  would  do  in  referring  all  of  the 
western  Huronian  rocks  to  the  Taoonic  of  Emmons  (Amer.  Naturalist,  October, 
1884,  pp.  984-1000).  With  the  Taconic  system,  and,  indeed,  with  the  whole 
"  Taconic  question  "  I  have  little  acquaintance,  but  I  cannot  feel  any  great  confi- 
dence in  the  parallelization  of  formations  so  distant  from  one  another  as  the 
western  Huronian  and  the  "Taconic,"  on  ezclusiyeij  lithologiod  evidence. 
However  this  maj  be,  there  is,  in  Professor  Winchell's  general  arrangement  of 
the  ciystalline  rocks  of  the  northwest,  much  with  which  I  can  cordially  agree. 
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should  extend  the  term  Cambrian  from  the  fossiliferous  Pots- 
dam downward  over  two  great  unconformities  and  two  enor- 
mously thick  and  entirely  un fossiliferous  sets  of  rocks.  If  any 
good  reason  can  be  advanced  for  so  greatly  extending  the  term 
Cambrian — or  for  using  any  other  term  or  terms  of  equal  taxo- 
nomic  value  with  Cambrian,  to  cover  the  space  between  the 
Potsdam  sandstone  and  the  base  of  the  iron-bearing  slates — 
then,  with  my  present  knowledge  of  these  formations,  I  am  as 
strong  an  advocate  as  any  of  the  indivisibility  of  the  Archaean. 
Not  that  I  would  maintain  the  certain  absence  of  unconformities 
among  the  rocks  to  which  the  term  Archaean  would  thus  be 
restrieted.  I  would  merely  hold  that  we  have  as  yet  no  evi- 
dence upon  which  to  base  any  separation.  However  this  may 
be,  it  is  to  be  noted  that  the  upper  one  of  the  two  members  into 
which  I  have  maintained  that  the  Archaean  of  this  region  can 
be  divided  has  always  played  the  part  of  typical  Archaean  in 
the  writings  of  the  various  geologists  who  have  described  the 
region,  and  this  not  only  with  those  who  have  maintained  the 
divisibility  of  the  Archaean  but  also,  and  ver^  prominently, 
with  those  who  have  maintained  its  indivisibility.  To  me  it 
seems  very  improbable  that  this  generally  accepted  reference 
of  the  iron-bearing  series  to  the  Archaean  can  ever  be  proved 
erroneous  in  any  other  save  one  way,  viz:  by  the  discovery 
in  them  of  fossils.  This  is,  of  course,  a  discovery  that  may  be 
made  at  any  time.  The  rocks  are,  in  the  main,  less  altered 
than  many  of  later  date  carrying  fossil  remains.  Until  this 
discovery  is  made,  however,  we  must,  I  think,  continue  to  call 
them  Archaean. 

The  question  next  arises  as  to  the  names  we  shall  use  for 
these  two  divisions  of  the  Lake  Superior  Archaean. 
It  is  now  many  years  since  Sir  William  Logan,  after  an  ex- 

SUU,  there  are  certain  points  in  it  with  regard  to  which  I  feel  confident  that  he  is 
mistaken.  The  most  important  of  these  points,  in  the  present  connection,  is  the 
reference  of  the  original  Huronian  of  Canada  to  the  quartzite  and  marble  series 
which  forms  so  prominent  a  feature  at  the  base  of  the  iron-bearing  rocks  of  the 
Marquette,  Menomonee  and  Penokee  districts.  In  doing  this  we  parallelize  a 
series  of  enormous  thickness  (15,000  to  18,000  feet),  with  one  only  a  few  hun- 
dred feet  in  thickness,  there  being,  at  the  same  time,  every  reason  to  believe  that 
the  two  formations  are  actually  continuous.  Moreover,  although  Logan's  gener- 
alized descriptions  do  not  necessarily  convey  the  idea,  a  study  of  the  ground 
shows  that  the  black  slates  and  cherty  ferruginous  rocks,  characteristic  of  Win- 
chelVs  Groups  III  and  lY,  occur  in  the  original  Huronian ;  while  there  is  on  the 
north  shore  of  Lake  Huron  a  mica  schist  or  micaceous  quartzyte  which  has 
always  been  mapped  by  the  Canadians  as  Huronian  and  which  may  represent 
the  mica-sdiist  o&Winchell's  Group  II.  But  I  have  never  designed,  in  parallel- 
izing the  original  Huronian  with  that  of  the  Marquette  and  Penokee  regions,  to 
indicate  my  belief  that  it  covers  exactly  the  same  range  as  they.  If  it  is  equiva- 
lent to  any  part  of,  or  to  more  than  all  of,  the  Marquette  and  Penokee  iron-bear- 
ing series,  inasmuch  as  in  these  series  there  is  no  evidence  whatever  of  any 
discordances  or  separations,  we  are  justified  in  speaking  of  the  two  latter  series 
as  Huronian. 
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perience  in  these  regions  which  has  yet  been  equalled  by  no 
living  geologist,  separated  the  Archaean  or  Azoic  formations  of 
Western  Canada  into  a  lower  gneissic  member  and  a  higher 
quartzitic  slate  member,  which  he  called  respectively  by  the 
now  well  known  names  of  Laurentian  and  Huronian,  For  the 
latter  formation  he  took  as  his  type  the  series  of  rocks  which  is 
displayed  along  the  north  shore  of  Lake  Huron,  between  the 
St  Mary's  and  Thessalon  rivers.  Having  examined  this  for- 
mation somewhat  thoroughly,  I  have  no  hesitation  in  saying 
that  in  it  we  find  the  equivalent  of  the  iron-bearing  slates  of 
the  Marquette  and  Penokee  regions,  in  which  opinion  I  merely 
follow  a  succession  of  geologists.  Like  the  latter  formations  it 
is  in  the  main  composed  of  quartzite  and  slate,  with  various 
cherty  and  limestone  beds,  and  with  many  included  eruptives, 
and  like  them  also  it  is  distinctly  a  feebly  altered  series. 
Where  its  basal  quartzite  member  comes  into  contact  with  the 
underlying  gneiss,  which  forms  the  north  shore  of  Lake  Huron 
for  a  number  of  miles  east  from  Thessalon  River,  and  which 
has  been  mapped  by  Logan  as  Laurentian,  a  most  beautiful 
basal  conglomerate  is  to  be  seen.  The  quartzite,  here  little 
more  than  a  feebly  indurated  sandstone,  becomes  thickly 
crowded  with  masses  of  granite,  gneiss  and  schist,  the  quartz 
sand  of  which  the  rock  is  usually  composed  giving  place,  also, 
in  large  measure,  to  an  unassorted  detritus  plainly  derived 
from  the  adjacent  gneiss. 

Sir  William  Logan's  able  successor  in  charge  of  the  Geolog- 
ical Survey  of  Canada,  Dr.  A.  R.  C.  Selwyn,  has  recently  said 
that  Logan  nowhere  asserts  an  unconformity  between  his  Lau- 
rentian and  Huronian,  and,  indeed,  that  he  could  not  have  be- 
lieved in  such  an  unconformity.  To  me,  however,  it  seems 
plain  that  Dr.  Selwyn  must  be  mistaken  as  to  this.  That  Logan 
believed  in  such  an  unconformity  seems  evident  to  me  from  his 
sections  of  the  region  north  of  Lake  Huron  in  the  atlas  (Geo- 
logical Sections,  Plate  I)  to  the  Geology  of  Canada  (1863), 
and  in  his  descriptions  given  in  that  volume,  although  he  does 
not  make  the  statement  in  so  many  words.  In  speaking,  for 
instance,  of  the  contact  of  the  Huronian  with  the  gneiss  on  Lake 
Temiscamang,  he  describes  it  as  filled  with  fragments  from  the 
gneiss.  Now,  manifestly,  such  an  occurrence,  on  Logan's 
plainly  expressed  view  as  to  the  Sedimentary  origin  of  gneiss, 
can  only  be  explained  by  a  great  time-gap  between  the  two 
formations. 

It  is,  of  course,  well  enough  known  to  any  geologist,  who 
has  worked  with  these  older  formations  to  any  extent,  that  the 
terms  Laurentian  and  Huronian  have  been  greatly  abused,  hav- 
ing been  applied  often  on  the  very  feeblest  of  lithological  evi- 
denca  It  is  also  manifest  to  any  one  with  such  experience 
that  where  the  two  series  are  infolded,  as  in  the  Marquette  re- 
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gion,  and  again  on  the  north  side  of  Lake  Superior,  there  must 
often  arise  great  difficulty  in  separating  the  newer  slates  from 
the  older  schists.  Such  considerations  do  not,  however,  seem 
to  me  to  take  away  anything  from  the  arguments  I  have  ad- 
vanced in  favor  of  the  existence  of  a  separation,  for  the  region 
from  Lake  Huron  to  southeastern  Dakoto,  of  the  Archaean  for- 
mations into  twoT  distinct  members. 

As  I  now  see  the.  matter,  then,  all  arguments  recently  pre- 
sented to  the  contrary  notwithstanding,  I  certainly  believe  m  a 
division  of  the  Archaean,  for  the  region  in  question,  into  two 
discordant  members,  to  which  for  the  present  at  least  we 
should  continue  to  give  the  classical  names  of  Huronian  and 
Laurentian. 


Art.  XKXIY.—Min&ralogical  Notes  ;  by  W.  E:  Hidden. 

Pkenacite,  a  new  locality. — To  Mr.  J.  G.  Hiestand  of  Manitou 
Springs,   Colorado,   I  am  indebted   for  a  few  specimens  of 

S[uartz,  topaz  and  amazonstone  (microcline),  on  which  I  have 
ound  implanted,  colorless  crystals  of  phenacite  in  considerable 
numbers.  These  specimens  were  discovered  last  summer  at 
Florissant,  El  Paso  County,  Colorado,  about  thirty  miles  (by 
the  road)  from  the  locality  previously  announced  by  Messrs. 
Cross  and  Hillebrand  in  this  Journal.  The  phenacites  are 
well  polished  and  transparent,  and  are  commonly  highly 
modified.  They  vary  in  size  from  one  to  five  mm.,  are 
invariably  lenticular  in  shape,  with  little  or  no  prismatic 
development  and  are  implanted  usually  edgewise.  A  deter- 
mination of  the  specific  gravity  yielded  2*954,  which  is  rather 
low  considering  the  perfection  of  the  crystals.  Three  different 
rhombohedrons,  two  scalenohedrons  and  three  prisms  were 
observed  but  their  angles  could  not  be  determined  with  exact- 
ness with  the  means  at  hand.  Later  I  shall  endeavor  to  figure 
them  and  describe  them  more  accurately. 

They  had  been  considered  minute  topazes  up  to  the  time 
they  were  brought  to  my  notice ;  their  rhombohedral  aspect 
decided  me,  however,  to  make  the  determination  above  given. 
With  these  phenacites  were  found  several  hundred  crystals 
of  topazes,  many  of  them,  large  and  small,  still  attached  to 
the  matrix  and  perfect  in  form. 

XenotimCj  a  new  locality, — From  the  same  source  as  the 
phenacite  and  topaz  above  noted  I  have  received,  along  with 
some  bastnaesite,  a  single  tetragonal  crystal  of  6*1  grams  weight. 
I  am  informed  that  it  was  found  with  bastnaesite  and  at  the 
same  locality  where  the  tysonite  and  bastnaesite  were  originally 
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found,  near  Pike's  Peak,  Colorado.  A  fragment  tested  qualita- 
tively showed  the  presence  of  phosphoric  acid,  iron,  lime  and 
one  of  the  rare  eartns,  probably  yttria.  Its  sp.  grav.  was  4'48, 
but  after  soaking  two  days  in  water  increased  to  4*92.  It  was 
porous  (through  decomposition?).  The  planes  1,  /,  O  were 
largely  developed,  0  having  been  unknown  heretofore.  An- 
gle8=l/v/=129^  lAO=140^-141^  1a1  ov.  0=102%  1a1 
ov.    /=78°-80^ 

The  crystal  was  over  one  centimeter  square,  of  a  chocolate 
brown  color  and  like  wiluite  in  type  of  form.  Implanted  upon 
it  were  small  crystals  of  similar  character.  There  can  be  no 
doubt  of  its  identity  with  xenotime.  The  prismatic  (/)  cleav- 
age was  not  observed  for  the  reason  of  superficial  alteration. 

FayaUte  (?),  from  Colorado, — Also  from  the  same  source  and 
same  region  as  the  phenacite,  I  have  received  large  masses, 
uncrystallized,  of  a  mineral  which  may  prove  to  be  fayalite. 
The  sp.  grav.  is  4'35,  the  color  dark  brownish-black.  Sligtt 
evidence  of  cleavage  in  two  directions  It  contains  silica  and 
iron  and  traces  of  manganese  and  lime.  It  is  fusible  and 
gelatinizes  with  acids. 

These  characters  a^ree  pretty  closely  with  fayalite,  though 
the  density  is  somewnat  high.  It  was  found  in  quartz  and 
granite  in  "  vugs,"  on  Cheyenne  Mountain,  Colorado ;  masses  of 
many  pounds  weight  occur  at  one  of  the  localities. 

Zircon,  a  new  plane. — I  have  lately  observed  on  a  crystal  of 
zircon  from  Burcess,  Canada,  a  very  low  pyramid  which  after 
measuring  gave  the  following  results  with  hand  goniometer : 

on  J=106°  to  107*,  over  0=146**,  over  7=34**, 

all  of  which  angles  closely  correspond  with  the  required  angles 
for  the  plane  -f.  The  plane  J  has  not  before  been  observed 
to  my  best  knowledge.  In  addition  to  the  above  obtuse  pyra- 
mid, which  was  largely  developed  and  smoothly  polished,  the 
planes  8,  1,  0,  /,  3-3  and  two  other  zirconoids,  were  observed, 
the  last  two,  however,  were  too  rounded  for  exact  determination. 
This  particular  crystal  was  an  unusually  fine  one  and  weighed 
nearly  4  grams. 

RiUile. — The  old  locality  in  Alexander  County,  N.  C,  at 
Johnson's  Mill  (now  Crouch's)  was  lately  re-opened  by  Mr.  W. 
H.  Lackey  and  yielded  some  very  fine  prisms  of  rutile  of  re- 
markable brilliancy  and  polish.  Some  of  the  crystals  were  1 
cm.  thick,  and  8  cm.  long  and  perfectly  terminated  with 
many  bright  planes.  Held  up  to  the  light  the  crystals  had  the 
color  of  pyrargyrite.  The  fracture  was  bright  conchoidal. 
The  planes  1,  l-tj  1-3,  3-f,  i,  i-3  and  i-i  were  observed  and 
measured  with  hand  goniometer. 

Mneralds  and  Hiddenite^  a  new  occurrence. — ^In  October  last 
Mr.  W.  H.  Lackey  of  Stony  Point,  N.  C,  discovered  a  new 
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pocket  of  emeralds,  hiddenite,  quartz,  etc.,  on  the  Osborn 
Lackey  land  in  Alexander  County,  N.  C.  This  new  discovery ♦ 
is  distant  about  one-fifth  of  a  mile  northwest  from  the  mine  of 
the  Emerald  and  Hiddenite  Mining  Company,  and  joins  the 
land  formerly  known  as  the  Lyon's  property.  About  fifty 
crystals  of  emerald,  2  cm.  to  7  cm.  long  and  from  2  mm.  to 
8  ram.  in  diameter,  were  found.  They  were  all  transparent 
bat  of  pale  color  and  but  one  of  the  crystals  was  large  ana  pure 
enough  to  be  cut  into  gems.  The  Hiddenites  found  were  very 
infenor  and  of  very  pale  color.  The  curious  rough  edges  and 
pseudo-horizontal  striations  were  noticed  on  nearly  all  of  the 
crystals  of  emerald,  these  markings  being  peculiar  to  the  beryls 
of  the  region.  Only  the  planes  /,  t-2  and  0  were  found. 
The  particular  interest  attached  to  this  occurrence  is  the  fact  of 
the  locality  being  somewhat  distant  from  the  old  one  and  for 
this  reason  it  is  encouragement  for  future  work. 


SCIENTIFIC     INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  if^tMnce  of  Temperature  on  Spectrum  measurements. 
—The  connection  between  refractive  power  and  density  has  been 
known  from  the  time  of  Newton,  who  gave  a  formula  expressing 
the  relation.  Gladstone  and  Dale,  Jamin,  Schrauf,  Lauaolt  and 
others  have  shown  that  in  liquids  the  refractive  power  increases 
with  density  and  therefore  with  diminution  of  temperature.  Rud* 
berg  examined  solids  and  found  aragonite  and  quartz  to  follow 
the  same  law ;  but  he  showed  that  the  refractive  power  of  glass 
increases  with  rise  of  temperature ;  a  fact  also  observed  by  Arago 
and  Neuman  previously.  Est^ss  has  now  measured  three  prisms 
at  various  temperatures  in  order  to  ascertain  the  amount  of  this 
change  and  to  determine  its  importance  in  ordinary  spectrum 
measurements.  The  measurements  were  made  by  means  of  a 
micrometer  which  moved  the  observing  telescope,  in  connection 
with  an  eye  piece  micrometer  contained  in  the  latter.     The  ap- 

ritus  was  placed  in  a  room  in  which  constant  temperature  could 
maintained.  About  one  and  a  half  hours  were  requisite  to 
bring  the  apparatus  to  any  required  temperature,  but  two  hours 
were  always  allowed  before  making  any  measurements.  Indeed  it 
was  easy  to  see  by  the  lines  whether  the  instrument  was  under- 
going change  of  temperature,  since  they  in  that  case  would  shift 
position.  The  results  are  given  in  the  following  tables,  in  which 
the  readings  of  several  Fraunhofer  lines  are  given  in  divisions  of 
the  micrometer : 
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1.  Glass  Prism  of  60*. 


Temp. 
IS'^O. 
SO^'C. 

2561-3 
2565-8 

D.                  K 
2723*2             2942*6 
2727*8             2948-5 

2.  Quartz  Prism  of  60^ 

b. 
2979-4 
2983-9 

F. 
3140-7 
3146-3 

18' 0. 
29*0. 

3. 

313-6               397-5 
311*7               396-5 

Triple  Rutherpded  Prism. 

414-3 
411-5 

470-0 
4681 

14' 0. 
16'C. 
20"  C. 
SO^'C. 

1172-4 
1173-1 
1174-4 
1177-7 

1436.2             1804-9 
1437*2             1806-5 
1438-4             1807-3 
1442-0             1811*0 

1866*4 
1867-7 
1868-5 
1872-2 

2"l50-9 
2152-8 
2168-6 

From  this  it  appears  that  this  shifting  of  the  spectrum  lines  by 
change  of  temperature  is  considerable  enough  to  be  important,  a 
rise  of  25^  changing  the  position  of  the  lines  as  follows : 

C.  D.  E,                b.  F. 

Glass  prism  of  60*,          +7-50  +767  +983  +7-50  +9-33 

Quarfczprismof  60*,        -4-10  —2*27  —6*36  —4-32 

Rutherfurd  prism,            +8-28  +906  +9-53  +9-06  +1375 

All  spectrum  lines,  then,  shift  by  rise  of  temperature ;  in  glass 
prisms  toward  the  violet;  in  quartz  prisms  toward  the  red. 
Moreover  this  shifting  increases  with  the  refrangibility  of  the 
region  examined.  The  importance  of  this  change  appears  more 
distinctly  by  a  comparison  of  the  micrometer  readings  with  the 
wave-lengths  in  millionths  of  a  millimeter,  given  at  two  tempera- 
tures the  Rutherfurd  prism  being  used. 

a  D.  E.  b.  s. 


Micrometer  readings, 

1169-4 

1432-9 

1801-5 

1863*1 

2144-8 

Wave-length  at  5*, 

656-8 

'589-7 

527-4 

517-7 

486-5 

Wave-length  at  30*, 

658-9 

592-0 

529-0 

519-2 

4880 

A  change  of  temperature  of  about  5°  suffices  therefore  to  alter 
the  measurement  of  w^ive-length  by  an  amount  equal  to  the  dis- 
tance between  the  D  lines. — jBcr.  Berl.  Chem,  Ges.^  xvii,  2732, 
Dec.  1884.  G.  p.  B, 

2.  On  a  New  Method  of  determining  Vapor-pressures. — Ramsay 
and  Young  have  devised  a  new  form  of  apparatus  for  determin- 
ing vapor-pressures  both  of  liquids  and  solids.  The  substance  is 
placed  in  a  test-tube  having  a  lateral  opening,  the  top  being 
closed  by  a  rubber  stopper  through  which  pass  (1)  a  thermometer 
haying  its  bulb  covered  with  cotton,  and  (2)  a  glass  tube  connected 
with  a  bulb  above  and  drawn  out  below  to  a  point  which  is  bent  so 
as  to  touch  the  stem  of  the  thermometer.  By  means  of  the  lateral 
opening  the  tube  may  be  put  in  communication  with  a  reservoir 
connected  with  a  Sprengel  pump.  A  suitable  jacket  enables  the 
tube  to  be  heated  to  any  required  temperature.  The  reservoir  is 
immersed  in  a  cooling   raixtui«e.     To  make  an  experiment,  the 
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apparatus  is  thoroughly  exhausted,  and  by  means  of  a  spring  clip, 
the  liquid  to  be  examined,  which  is  contained  in  the  bulb,  is 
allowed  to  trickle  down  the  thermometer  and  thoroughly  moisten 
the  cotton  wool.  The  spring  clip  is  then  closed  and  the  tube 
heated,  the  temperature  and  pressure  bein^  noted  so  soon  as  they 
become  constant.  A  little  air  is  then  admitted  and  a  second  read- 
ing of  pressure  and  temperature  taken,  care  being  observed  to 
keep  the  cotton  constantly  moistened.  The  process  is  continued 
until  a  sufficient  number  of  observations  have  been  taken.  When 
a  solid  is  to  be  submitted  to  experiments,  the  bulb  of  the  ther- 
mometer is  previously  covered  with  it  by  dipping  it  repeatedly  in 
the  melted  substance.  The  results  of  a  determination  of  vapor- 
pressure  are  ^iven  in  the  case  of  acetic  acid,  the  curve  yielded  by 
them  when  plotted  being  absolutely  coincident  with  that  obtained 
by  the  usual  process  when  air  and  moisture  are  rigorously  ex- 
cluded, the  substance  being  perfectly  pure. — J,  Chem,  Soc,y  xlvii, 
42,  January,  1886.  G.  f.  b. 

3.  On  the  Non-formation  of  Periodic  oxide  {Iodine  pentoxide) 
hy  direct  synthesis. — Since  the  heat  of  formation  of  periodic  oxide 
is  positive,  and  is  equal  to  44,860  calories,  according  to  Thomson, 
we  should  expect  that  iodine  and  oxygen  would  unite  directly  to 
form  this  substance.  Wbhsabg  has  made  a  series  of  experiments 
to  test  this  question  experimentally.  In  the  first,  oxygen  charged 
with  iodine  vapor  was  passed  through  a  glass  tube  containing  a 
plug  of  platinized  asbestus  7  or  8  cm.  long,  and  heated  to  a  tem- 
perature of  200°  in  an  air  bath.  After  two  hours,  the  tube  was 
washed  out  with  water  and  the  solution  examined ;  but  no  trace 
of  the  pentoxide  was  detected.  In  the  others,  the  temperature 
was  raised  to  250°,  290°  and  finally  to  a  dark  red  heat ;  but  with 
a  similar  result.  By  means  of  a  Hofmann  vapor  density  apparatus 
the  mixture  of  oxygen  and  iodine  was  heated  by  aniline  vapor  to 
192°,  in  presence  of  four  beads  of  platinum  sponge.  Finally  the 
mixture  was  sealed  up  in  glass  tubes  with  six  beads  of  platinum 
sponge  and  heated  for  6  hours  to  temperatures  of  200^,  250°  and 
300*.  But  with  no  result,  no  pentoxide  being  detected  as  the 
product  of  the  reaction.  Since  1,0,  decomposes  at  300°  it  was 
not  thought  advisable  to  exceed  this  temperature. — Ber.  JBerl 
Chem,  Ges,j  xvii,  2896,  Jan.  1883.  g.  p.  b. 

4.  On  the  Atomic  Weight  of  Platinum. — Halbbbstadt  has 
repeated  the  experiment  of  Seubertto  determine  the  atomic  weight 
of  platinum  from  the  double  chlorides  of  potassium  and  of  ammon- 
ium respectively,  and  has  extended  the  investigation  to  the  corres- 
ponding bromides  and  to  platinum  tetrabromide.  Two  methods 
of  analysis  were  employed.  In  the  first  the  platinum  was  deter- 
mined by  igniting  the  compound  in  a  current  of  hydrogen  and  in 
the  second  by  electrolytic  precipitation.  When  potassium  salts 
were  used  the  results  were  checked  by  evaporating  and  weighing 
the  solution  of  the  residue.  For  the  investigation  300  grams  of 
platinum  were  used,  purified  by  the  Bunsen-Schneider  method. 
The  tetrabromide  was  obtained  oy  heating  platinum  sponge  with 
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bromine  and  aqneous  hydrogen  bromide  in  sealed  glass  tubes, 
evaporating  the  solution  and  heating  the  residue  to  180^  It  is  a 
dark  brown  non-hygroscopic  powder,  difficultly  soluble  in  water, 
easily  so  in  alcohol  and  ether.  The  double  bromides  of  potassium 
and  of  ammonium  were  prepared  by  adding  potassium  or  ammo- 
nium bromide  either  to  an  aqneous  solution  of  hydrogen-platinum 
bromide  or  to  one  of  platinum  tetrabromide.  Ammonium-plati- 
num bromide  forms  small  crimson  octahedrons  difficultly  soluble 
in  water.  The  potassium  solution  is  quite  similar.  The  total 
number  of  determinations  made  was  97;  59  being  by  ignition 
and  S8  by  electrolysis.  The  mean  result  given  by  the  former  is 
194*54246  for  the  atomic  weight  of  platinum;  by  the  latter 
194-S6073.  The  ECl  and  EBr  determinations  as  checks  gave  in 
the  former  case  194-77061;  in  the  latter  194-62987.  Taking  all 
the  results  the  mean  value  obtained  is  194*57592,  the  actual 
atomic  weight  of  platinum. — Ber,  BerL  Chem,  Ges.y  xvii,  2962, 
Jan.  1885.  o.  f.  b. 

6.  On  the  Preparation  of  Chromium  oxychloride  ( Vhromyl 
chloride). — Moissan  has  obsei-ved  that  if  chromium  teroxide,  free 
from  sulphuric  acid,  be  introduced  into  hydrogen  chloride  gas, 
this  gas  is  at  once  absorbed  and  abundant  red  fumes  are  produced 
which  condense  into  a  liquid  boiling  at  108°  and  which  are  chromic 
dichlorhydrine.  Heat  accelerates  the  reaction.  Hydrogen  brom- 
ide and  hydrogen  iodide  do  not  react  under  these  circumstances. 
Chlorine  if  absolutely  dry  does  not  act  on  chromium  teroxide; 
but  in  presence  of  moisture  chromyl  chloride  is  produced.  The 
chromates  of  the  alkalies,  of  barium,  lead  and  silver  vield  the 
chromium  oxychloride  with  UCl  gas. — Bull.  Soc.  Ch.y  if,  xliii,  6, 
Jan.  1885.  q.  f.  b. 

6.  On  certain  neio  Paraffins. — Sobabji  has  prepared  in  the 
laboratory  of  Wislicenus,  some  of  the  higher  members  of  the 
paraffin  series  hitherto  unknown.  The  reaction  employed  was 
that  of  Wurtz,  which  consists  in  treating  the  iodide  of  an  alcohol 
radical  with  sodium.  For  this  purpose  cetyl  iodide  dissolved  in 
six  times  its  weight  of  ether  was  placed  in  a  flask  furnished  with 
a  return  condenser.  Finely  divided  sodium  was  then  added  and 
in  a  short  time  it  became  covered  with  iodide  and  the  whole  liquid 
was  filled  with  glistening  scales  of  dicetyl.  After  recrystallization 
from  glacial  acetic  acid,  they  fused  at  70°  and  distilled  without 
decomposition  at  a  much  higher  temperature.  On  treating  heptyl 
iodide  in  the  same  way,  diheptyl  was  obtained  as  a  colorless 
mobile  oil,  boiling  at  245°  and  solidifying  at  6°.  When  a  mix- 
ture of  ethyl  and  of  cetyl  iodides  was  treated  with  sodium,  ethyl- 
cetyl  was  obtained  as  a  colorless  oil,  boiling  at  about  312^ 
Cetane  was  also  prepared  by  the  author,  by  reaucing  the  iodide 
by  concentrated  hydrogen  iodide  solution  in  presence  of  phospho- 
rus, and  by  digestmg  the  iodide  with  zinc  and  hydrogen  chloride. 
It  is  an  oil  which  boils  at  278°  and  solidifies  at  18*-20°. — J".  Chem. 
Soc.,  xlvii,  87,  Jan.  1885.  a.  f.  b. 
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1,  On  some  Derivatives  of  Urea. — Some  time  ago  Bbhrbnd 
described  a  body  obtained  from  acetacetio  ether  and  urea  with 
the  loss  of  a  molecale  of  water.  Upon  saponification  the  sodium 
salt  was  produced ;  but  this  on  the  addition  of  an  acid  gave  an 
acid  poorer  by  one  molecule  of  water.  Strong  nitric  acid  attacked 
it  convei-ting  the  methyl  group  into  carboxyl  and  nitrating  the 
rest,  giving  a  strong  dibasic  acid.  This  splits  upeiving  a  nitro- 
body  C^HjNjO^,  which  when  reduced  gives  CJEl,N  0„  a  body 
differing  from  xanthin  by  H,0  less  and  which  gives  the  murexide 
reaction. — JBer.  Berl.  Chem.  Oes.^  xvii,  2846,  Jan.  1886.   g.  p.  b. 

8.  A  Hreatise  on  the  Principles  of  Chemutry  /  by  M.  M.  Pat- 
TisoN  MuiB,  M.A.,  P.R.S.E.  488  pp.  8vo.  Cambridge,  1884, 
(University  Press). — This  is  a  volume  of  much  more  than  ordi- 
nary importance  among  recent  contributions  to  chemical  litera- 
ture. Excellent  books  are  not  wanting  in  which  chemical  facts 
are  presented,  but  a  profound  and  thorough  work  upon  Chemical 
Philosophy,  suited  to  the  wants  of  a  student  who  has  learned  and 
digested  these  facts,  has  long  been  needed  and  this  want  is  well 
sapplied  by  the  present  volume.  The  subject  is  divided  into  two 
parts.  Chemical  Statics  and  Chemical  Kinetics.  Under  the  first 
are  discussed  the  subjects  of  atoms  and  molecules,  of  atomic  and 
molecular  systems,  the  periodic  law,  and  the  applications  of  phy- 
sical methods  to  problems  of  chemical  statics,  tinder  the  second 
the  leading  heads  are  dissociation,  chemical  change  and  chemical 
affinity.  The  work  is  full  of  suggestive  matter  and  will  aid  all 
students  who  are  desirous  of  mastering  the  fundamental  principles 
of  modern  chemistry.  It  is  especially  full  in  its  references  to 
recent  work  in  the  department  of  chemical  physics. 

9.  An  Introduction  to  the  Study  of  Organic  Chemistry;  by 
Adolph  Pinnee,  Ph.D.,  Professor  of  Chemistrv  in  the  University 
of  Berlin ;  translated  and  revised  from  the  fifth  German  edition 
by  Pjcter  T.  Austen,  Ph.D.,  F.C.S.,  Professor  of  Chemistry  in 
Rutgers  College.  403  pp.  8vo.  New  York,  1884,  (John  Wiley  & 
Sons). — This  is  an  excellent  text-book  of  Organic  Chemistry  and 
cannot  fail  to  be  welcomed  by  instructors  m  this  department; 
Professor  Austen  has  done  a  good  work  in  thus  making  accessible 
to  students  in  this  country  a  volume  which  has  met  with  such 
marked  success  in  Germany. 

10.  The  Elements  of  Chemistry^  Inorganic  and  Organic^  by  Sid- 
net  A  NoETOST,  Ph.D.,  LL.D.  504  pp.  8vo.  Cincinnati  and  New 
York,  1884,  (Van  Antwerp,  Bragg  &  Co.) — ^This  is  an  elementary 
volume  designed  as  a  text  book,  and  presenting  the  fundamental 
principles  and  facts  of  chemical  science  in  clear  and  orderly  form. 
Numerous  experiments,  mostly  of  very  simple  character,  art 
described  which  the    student  is  expected  to  perform  for  himself. 

11.  The  possibility  of  basing  a  Kinetic  Theory  of  Gases  upon 
Attracting  Force  alone, — Hitherto  the  hypothesis  has  been  acted 
upon  that  there  is  a  repulsive  force  between  molecules — the  hy- 
pothesis of  elastic  spheres  being  mechanically  equivalent  to  the 
hypothesis  of  a  repulsive  force  which  for  distances  greater  than 
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the  sum  of  the  radii  of  the  molecules  is  eqnal  to  zero  and  for 
smaller  distances  increases  to  a  great  degree.  Boltzmann  re- 
marks that  Joule's  research  on  the  flow  of  gases  without  the  pro- 
duction of  work  shows  that  between  the  gas  molecules  an  attractive 
force  must  act.  Boltzmann  therefore  considers  the  question 
whether  the  hypothesis  of  attracting  force  alone  is  a  tenable  one. 
He  flnds  that  Maxwell's  formulas  based  upon  the  old  hypothesis 
of  repulsive  force  apply  to  the  new  hypothesis  with'  suitable 
changes  in  the  constants. — Ann.  der  Phynk  vnd  ChemiCy  No.  1, 
1886,  pp.  37-44.  j.  T. 

12.  Electrical  HeeieUmce  of  distilled  water. — Fbiedrich  Eohl- 
BAUSCH  shows  that  water  distilled  in  a  vacuum  has  a  much 
greater  resistance  than  ordinary  distilled  water  which  takes  up 
gases  which  affect  its  specific  resistance.  He  describes  fully  the 
appiiratiis  by  means  of  which  he  distilled  water  in  a  vacuum 
of  O'Ol"'"  of  mercury  pressure.  In  measuring  the  resistance  of  the 
water  a  galvanometer  with  quick  moving  needle  was  used  in 
preference  to  a  dynamometer  with  alternating  currents.  The 
galvanometer  was  more  sensitive  than  the  dynamometer  or  tele- 
phone, and  polarization  was  avoided  by  depressing  the  battery 
key  for  an  instant  only  and  taking  observations  with  reversed 
currents.  The  resistance  of  one  ohm  is  represented  by  a  layer  of 
water  1  sqnare  millimeter  in  section  and  26  billionths  of  a  meter 
in  thickness.  The  resistance  of  a  column  of  water  1  square  milli- 
meter in  section  and  1  meter  long  is  about  4*10**  ohms.  A  cop- 
per wire  of  the  same  section  and  resistance  would  be  24*1 0* 
kilometers,  which  measures  a  distance  through  which  it  would 
take  light  2'2  hours  to  travel. — Ann.  der  Fhyaik  und  Chemie^ 
No.  1,  1886,  pp.  48-62.  J.  T. 

13.  Double  refraction  of  light  in  fluids. — Double  refraction  has 
hitherto  been  noticed  only  in  substances  which  possess  an  axis — 
and  the  refraction  is  closely  related  to  the  direction  of  this  axis— or 
in  substances  submitted  to  a  pressure  in  definite  directions.  £.  v. 
Fleischl,  acting  upon  the  belief  that  a  suitable  combination  of  a 
right-handed  circular  polarizing  liquid  with  a  left-handed  circular 

Solarizing  liquid  might  produce  two  wave-fronts  which  would  give 
ouble  refraction,  constructed  a  long  glass  vessel  which  was 
divided  by  diagonally  placed  glass  partitions.  The  glass  tray 
thus  resembled  the  arrangement  of  prisms  in  a  direct  spec- 
troscope. The  hollow  prisms  thus  formed  were  filled  on  one  side 
with  a  right-handed  polarizing  liquid  and  those  on  the  opposite 
side  with  a  left-handed  polarizing  liquid.  A  solution  of  levulose 
in  water  was  used  for  the  latter  and  ordinary  right-handed  sugar 
for  the  former.  The  arrangement  of  the  apparatus  was  as  follows: 
a  small  opening  was  made  in  a  screen  in  front  of  a  gas  flame. 
The  light  from  this  passed  through  the  train  of  prisms.  Aboat 
five  meters  from  the  latter  was  placed  a  telescope  provided  with 
an  astronomical  eye-piece  which  magnified  66  times.  On  looking 
through  the  telescope  not  one  point  but  two  were  seen  near  one 
another.    The  appearance  was   like  that  of  a  well  separated 
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double  star;  orange  oil  and  mixtares  of  turpentine  gave  results 
similar  to  those  obtained  with  sugar.  The  two  images  were 
shown  to  be  polarized  in  different  planes,  and  the  author  believes 
that  he  is  justified  in  concluding  that  there  are  doubly  refracting 
flnids  which  have  no  optical  axes ;  and  that  circular  polarization 
in  liquids  is  due  to  this  double  refraction.  The  wave  surfaces  of 
light  in  these  liquids  consist  of  that  of  two  concentric  spheres. — 
Ann,  der  Physik  und  Chemie,  No.  1,  1885,  pp.  127-144.     j.  t. 

14.  Peuetration  of  day  light  in  the  water  of  Lake  Geneva. — MM. 
FoL  and  Ed.  Sarasin's  experiments  consisted  in  exposing  photo- 
graphic plates  at  various  aepths  in  the  lake.  They  used  Monck- 
Doven^s  rapid  gelatino-bromide  plates.  The  special  apparatus 
consisted  of  a  brass  photographic  nolder,  the  slides  of  which  were 
closed  by  a  pair  of  levers  joined  like  scissors,  and  actuated  hj  a 
weight.  These  levers  separate  by  means  of  a  counter  acting  spring 
as  soon  as  the  weight  of  the  lead  in  touching  the  bottom  releases 
the  spring.  The  plates  were  exposed  a  certain  length  of  time  in 
a  horizontal  position  at  a  given  distance  below  the  surface  of 
the  water.  The  time  of  exposure  was  always  ten  minutes.  The 
developer  consisted  of  the  normal  oxalate  of  iron,  which  was  used 
for  ten  minutes  on  each  plate.  The  plates  were  all  coated  with 
the  same  emulsion.  The  experiments  were  made  in  front  of  Evian 
where  the  lake  over  a  large  extent  is  315  meters  in  depth.  It 
was  found  that  day  light  penetrates  into  lake  Geneva  to  the  depth 
of  170  meters,  and  probably  farther.  At  this  depth  the  illumina- 
tion in  full  day  light  is  about  that  of  a  clear  night  without  a  moon. 
At  120  meters  the  liglit  is  still  very  strong.  In  September,  in 
cloudy  wcatlier  the  light  penetrates  faither  and  with  greater 
intensity  than  in  pei'fectly  bright  August  weather.  This  fact 
may  be  due  to  the  difference  in  transparency  of  the  water  during 
these  months  or  to  the  greater  obliquity  of  the  rays  of  the  sun  in 
September. —  Comptes  Rendus^^OY.  10,  1884.  j.  t. 

16.  New  Form  of  Daniell  Cell — Hblmholtz  at  the  meeting  of 
the  Physical  Society  of  Berlin,  January  9th,  describes  the  following 
modification  of  a  Daniell  cell.  At  the  bottom  of  a  deep  glass 
goblet  he  placed  a  copper  spiral  which  is  connected  with  an  insu- 
lated platinum  wire  in  a  glass  tube.  Above  the  spiral  is  placed 
a  solution  of  sulphate  of  copper  which  could  be  replaced  by  means 
of  a  funnel  reaching  to  the  bottom.  On  the  solution  of  copper 
lay  the  solution  of  white  sulphate  of  zinc  in  which  was  placed  the 
zinc  cylinder.  A  siphon,  the  outer  leg  of  which  was  directed  from 
below  upwards,  dipped  into  the  fluids  as  far  as  the  bounding  plane 
of  the  two  flnids,  so  that,  on  filtering  in  a  fresh  solution,  only  the 
solution  of  white  vitriol  immediately  above  the  blue  copperas,  and 
contaminated  by  it  flowed  off.  This  arrangement  had  the  effect 
of  keeping  the  upper  fluid  constantly  water  clear,  though  after  a 
while  some  copper  was  found  precipitated  upon  the  zinc  cylinder. 
The  constancy  of  the  cell  was  however  not  perceptibly  impaired. — 
Nature^  January  29.  J.  t. 
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16.  Hesearches  on  Solar  Heat  and  its  Absorption  by  the  JSarth^s 
Atmosphere:  A  report  of  the  Moant  Whitney  Expedition,  pre- 

Eared  under  the  direction  of  Major-General  W.  B.  Hazen,  Chief 
ignal  Officer,  by  S.  P.  Langley,  Director  of  the  Allegheny 
Observatory.  242  pp.  4to,  with  a  map,  twenty-one  plate8  and 
wood  outs.  Washington,  1884,  (Professional  Papers  of  the  Signal 
Service,  No.  XV). — This  volume  contains  a  detailed  account  of 
the  expedition  of  Professor  Langley  to  Mt.  Whitney  in  the  Sierra 
Nevada,  in  1881,  and  his  observations  undertaken  in  connection 
with  it.  The  importance  of  the  results  reached  by  him  as  bearing 
upon  solar  and  terrestrial  physics  can  hardly  be  overestimated, 
and  it  is  well  to  have  the  whole  subject  presented  in  full  in  a  sin- 
gle volume;  some  of  the  leading  conclusions  of  the  expedition  are 
presented  in  articles  by  Professor  Langley  in  volumes  xxvii  and 
xxviii  of  this  Journal. 

17.  Tables^  Meteorological  and  Physical^  by  Abnold  Gutot, 
Ph.D.,  LL.D.  Fourth  edition,  revised  and  enlarged,  edited  by 
William  Libbey,  Jr.  738  pp.  8vo.  Washington,  1884,  (Smithson- 
ian Miscellaneous  Collections^. — An  interval  of  twenty-five  years 
has  passed  since  the  publication  of  the  last  edition  of  Dr.  Guyot's 
standard  tables.  The  subject  matter  of  the  present  edition  was 
nearly  finished  at  the  time  of  the  death  of  the  honored  author, 
about  a  year  ago,  and  the  final  editorial  work  has  been  well  per- 
formed bv  Professor  William  Libby,  Jr.  The  volume  appears 
now  much  enlarged  and  improved  and  fitted  for  even  a  wider 

sphere  of  usefulness  in  the  country  than  it  has  filled  heretofore. 

« 

II.   Geology  and  Mineralogy. 

1.  The  Copper- Bearing  Rocks  of  Lake  Superior ;  by  R.  D. 
Irving — ^The  editorial  note  on  this  subject  in  this  Journal  for 
January,  1885  (p.  67),  gives  a  comparative  statement  of  the  views 
held  by  myself  and  I^rofessor  N.  U.  Winchell  with  regard  to  the 
Copper-bearing  Rocks  of  Lake  Superior,  and  the  adjacent  forma- 
tions. It  is  shown  therein  that  we  are  in  general  accord  as  to  the 
.  mutual  relation  of  these  several  formations,  but  differ  as  to  their 
positions  in  the  general  geological  scale.  While  Professor 
winchell  would  make  the  Keweenaw  series  equivalent  to  the  New 
York  Potsdam,  and  the  unconformably  overlying  fossiliferons  sand- 
stones newer  than  the  Potsdam,  I,  on  the  other  hand,  would  make 
the  latter  sandstones  Potsdam,  and  the  Keweenaw  series  pre-Pots- 
dam.  My  object  just  now  is  to  call  attention  to  the  paragraph  of 
the  note  referred  to  in  which  it  is  said  that  Professor  Winchell's 
argument,  in  favor  of  his  position  as  to  the  Potsdam  age  of  the 
Keweenaw  series,  drawn  '^  from  the  fossils  in  the  slates  and  sand- 
stones of  the  St.  Croix  is  indecisive,  as  remarked  by  Professor 
Irving,  since  the  precise  age  of  the  fossils,  whether  f^otsdam  or 
later,  is  not  certain.  The  Lingul»  of  the  sandstones  of  Taqua- 
menon  Bay,  found  by  Rominger,  whicb  led  him  to  refer  those  sand- 
stones to  tbe  Potsdam,  Professor  Winchell  says  make  the  Kewee- 
naw series  Potsdam,  ^/'the  rocks  are  equivalents." 
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With  regard  to  the  fosMls  of  the  St.  Croix  sandstones  it  is  to  he 
noted  that  their  trae  Potsdam  age  has  heen  maintained  not  only 
by  Hall  but  also  quite  recently  by  Whitfield  (Bulletin  No.  6  of  Am. 
Mti8.  Nat.  Hist.,  also  this  Journal  for  April,  1884,  p.  321)  and 
Walcott  (this  Journal,  Dec,  1883,  pp.  439-442);  so  that  we  have 
now  the  very  best  of  paleontological  authority  for  this  reference. 
Not  feeling  that  I  possessed  sufficient  familiant^  with  the  fossils  of 
the  Primordial  generally  to  justify  my  crilicismg  Winchell's  ref- 
erence of  those  of  the  St.  Croix  sandstone  to  a  higher  horizon 
than  the  Potsdam,  I  was  obliged  in  my  discussion  of  the  geologi- 
cal position  of  the  copper-series  (Copper-Bearing  Rocks  of  Lake 
Superior,  pp.  442-446)  to  accept  his  statements  as  to  this  point 
for  the  sake  of  the  argument.  But  the  opinions  since  announced 
by  Walcott  and  Whitfield,  who  are  familiar  with  all  the  newer 
paleontological  material  from  the  earlier  Cambrian  horizons,  as 
well  as  with  that  upon  which  Hall  based  his  conclusions  twenty 
or  more  years  since,  seem  to  leave  no  room  for  doubt  as  to  the 
true  Potsdam  age  of  the  St.  Croix  fossils.  The  unconformable 
position  of  the  Keweenaw  series  beneath  the  St.  Croix  sandstone 
being  accepted,  its  pre-Potsdam  age  is  thus  rendered  evident,  as 
I  have  heretofore  maintained,  on  other  than  paleontological 
grounds. 

As  to  the  LingulsB  of  Taquamenon  Bay,  spoken  of  in  the  above 
quotation  as  found  by  Rominger,  there  is  evidently  a  misunder- 
standing, since  Rominger  states  distinctly  that  the  Lingula  found 
at  Taquamenon  River,  was  found  in  a  loose  fragment  of  a  highly 
calcareous  sandstone,  mixed  with  the  drift  pebbles  near  the  shore 
of  Taquamenon  Bay,"  and  that  'Hhe  calcareous  nature  of  this 

specimen  from  Taquamenon  River points  to  "  the  Calcif- 

erons  formation  which  here  overlies  the  Lake  Superior  sandstone 
f Geological  Survey  Mich.,  vol.  i,  Part  HI,  p.  80).  He  also  says 
\np.  citf  p.  81)  that  the  Lake  Superior  sandslones  "  have  frus- 
trated all  my  efforts  to  discover  fossils  in  them ;"  and  again  (p. 
80)  that  ^'  there  is  no  record  of  any  instance  in  which  recognizable 
fossils  were  found  in  situ  in  the  Lake  Superior  sandstone."  With 
rei^ard  to  the  sandstones  exposed  on  the  Taquamenon  River  (p. 
84)  he  says,  that  they  are  wholly  siliceous  and  non-calcareous, 
and  that,  therefore,  they  could  not  have  afforded  the  fossil-bear- 
ing, calcareous  fragments  found  loose  on  the  shore  of  the  bay. 
Of  fossils  in  them,  he  could  not  find  a  trace. 

Moreover,  there  is  no  question  with  any  one  except  Winchell, 
so  far  as  I  know,  that  the  Taquamenon  River  sandstones  form 
part  of  the  Eastern  sandstone  which  he  speaks  of  as  in  other 
places  lying  unconformably  against  the  Keweenaw  series,  in  which 
latter  position  he  is,  as  I  think,  undoubtedly  correct. 

The  Taquamenon  River  sandstone,  therefore,  affords  no  argu- 
ment against  the  pre-Potsdam  position  of  the  Keweenaw  series. 
The  fossil- bearing  sandstones  of  the  St.  Croix  valley  furnish  good 
reason  for  believing  in  such  a  position. 

ICadiaon,  Wis.,  January  12th,  1885, 
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2.  The  Vertebrata  of  the  Tertiary  Formatiom  of  the  West. 
Book  I;  by  Edward  D.  Cope.  1010  pp.  4to,  with  over  100 
plates.  Washington,  1883.  Vol.  HI  of  the  Reports  of  the  U.  S. 
Geological  Survey,  F.  V.  Hatdkn,  6eologist-in- Charge.  Pub- 
lished under  the  authority  of  the  Interior  Department. — This 
ponderous  volume,  by  Professor  Cope,  adds  another  to  the  very 
valuable  series  of  quartos  published  as  the  results  of  the  Geolog^i- 
cal  Survey  under  Dr,  Hayden  ;  *'  and  the  fourth  volume  which  is 
to  follow,"  says  Dr.  Hayden  in  his  letter  of  transmittal  dated 
Jan.  1,  1883,  ^'may  be  regarded  as  a  continuation  of  the  pi-esent 
one,  both  comprising  the  material  in  the  author^s  possession  from 
the  Cenozoic  formations  of  the  West."  This  volume  III  contains 
the  Eocene  faunae  (Puerco,  Wahsatch  and  Bridger  sections)  ''and 
the  Lower  and  Middle  Miocene  (White  River  and  John  Day 
FaunsB),  the  Ungulates  excluded  ;  leaving  to  volume  lY,  besides 
these  Ungulates,  the  Upper  Miocene  and  Pliocene  Faunae.  The 
report  is  a  ^reat  contribution  to  American  Vertebrate  paleon- 
tology of  high  value.  The  most  important  of  the  results  to 
science,  among  those  of  the  volume,  as  enumerated  by  Profes- 
sor Cope,  are:  discoveries  of  the  Laramie  genus  ChampsosauruSj 
and  of  PlagiatUixcidoa  in  Tertiary  beds;  discoveries  serving  to 
illustrate  five  families  and  many  genera  and  species  of  the  Creo- 
donta;  the  family  JPeriptychidce  and  its  included  genera;  the 
families  Meniscotheriidoe^  and  Phenacodontidce;  the  suborder 
Condylarthra;  the  PantolanibdidcB^  and  the  suborder  Tcdigradaj 
and  its  applications  in  phylogeny;  the  AnaptomorphidoB  of  the 
Prosimiae ;  the  reconstruction  of  Hyracotherium  and  Myrachyus; 
numerous  Marsxipialia  from  the  Lower  Miocene;  besides  the 
phylogenetic  series  of  the  Canidae  and  Felidae.  The  volume  opens 
with  a  brief  geological  review  of  the  Rocky  Mountain  Tertiary 
regions  and  stratigraphy,  and  then  proceeds  to  its  paleontological 
descriptions.  The  numerous  lithographic  plates  are  full  of  ex- 
cellent figures. 

3.  Contributions  to  the  Fossil  Flora  of  the  Western  Territories^ 
Part  III :  The  Cretaceous  and  Tertiary  Flora  :  by  Lko  Lbsqub- 
REux  277  pp.  4to,  and  over  60  plates.  Volume  VII  of  the 
quarto  Reports  of  the  XJ.  S.  Geological  Survey  of  the  Territories, 
P.  V.  Hayden,  U.  S.  Geologist-in-Charge. — This  is  a  second  very 
valuable  Keport  of  the  Hayden  series  issued  within  the  past  month. 
Mr.  Lesquereux's  previous  volume,  making  volume  VII  of  the 
series  (bearing  the  date  1878)  was  devoted  to  the  Tertiary  flora 
of  the  Rocky  Mountain  region.  The  new  volume  is  occupied 
with  the  Cretaceous,  and  additions  to  the  Tertiary  fiora  from  the 
Laramie,  Green  River  and  Miocene  beds.  Besides,  the  author 
gives  a  revision  of  his  former  work  on  the  subject  under  the  new 
fight  afforded  by  moi'e  specimens,  and  recent  publications  on  the 
fossil  flora  of  other  authors  and  regions,  and  tables  showing  the 
distribution  of  all  the  species,  mafing  this  volume  one  of  special 
value.  The  Dakota  group,  of  the  Middle  Cretaceous,  the  source 
of  the  Cretaceous  species,  has  had  its  limits  extended  bv  new  dis- 
coveries, and  now  is  known  to  occur  at  intervals  from  Kansas  to 
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Colorado,  an  area  450  to  500  lAiles  wide.  The  learned  anthor 
remarks  that  the  fact  of  the  sudden  appearance  of  the  dicotyledons 
in  the  Cretaceons,  and  ander  numerous  genera  and  species,  through- 
out the  northern  hemisphere  both  in  America  and  the  eastern  con- 
tinent, is  as  yet  inexplicable.  "  Nothing  in  the  preceding  strata," 
be  observes,  "  indicates  the  decadence  of  the  reign  of  gymnosper- 
mous  plants,  or  shows  any  kind  of  difference  which  could  lead  one 
to  presage  the  appearance  of  the  dicotyledons."  This  vegetation 
has  been  traced  from  Greenland  to  Vancouver  Island  and  alon^ 
the  Rocky  Mountain  region  through  Canada,  to  Colorado  and 
Kansas,  and  in  Europe  to  Germany,  in  about  40"^  north  latitude. 

The  printing  of  this  Report  has  been  delayed  much  since  its 
completion.  The  volume  has  been  distributed  during  the  month 
past.     The  title  page  bears  the  date  1883. 

Lesquereux  states  that  the  species  of  the  Dakota  group,  now 
over  150  in  number,  include  only  one  conifer  and  one  dicoty- 
ledon (Populus  primcBva)  of  the  species  described  by  Heer  from 
the  beds  of  Kome,  Greenland,  which  tliis  author  refers  to  the 
I  Lower  Cretaceous,  but  four  conifers  and  eleven  dicotyledons  of 

I  those  from  the  later  beds  of  Atane,  Greenland,  the  latter  belong- 

I  ing  to  the  genera  Pinus^  Sequoia^  Winfeldia^  Platanus  (P.  Heerii) 

JFtcitSy  Sassafras^  Diospyros^  Andromeda^    Cissites^  Magnolia^ 
I  Liriodendron  and  Sapittdu8. 

j  4.  Heporte  of  the  I'enth  Census  on  Petroleum^  Coke  and  Build- 

I  ing  Stones.     About  900  pages  4to,  with  numerous  plates.     Census 

office,  Chableb  W.  Sbatox,  Superintendent.  Washington,  1884. 
— The  reports  included  in  this  volume  are:  on  the  Production, 
Technology  and  uses  of  Petroleum  and  its  products,  by  S.  P. 
Peckham;  The  Manufacture  of  Coke,  by  Joseph  D.  Weeks; 
Building  Stones  of  the  United  States  and  Statistics  of  the  Quarry 
Industry  for  1880.  The  third  report  was  originally  in  the  hands 
of  Dr.  George  W.  Hawes;  after  his  lamented  decease,  the  work 
was  continued  by  others  and  brought  to  completion  under  the 
supervision  of  Mr.  Henry  Gannett.  All  three  reports  are  full  of 
information  of  practical  and  scientific  value  on  the  topics  of  which 
they  treat.  The  Report  on  Petroleum  enters  fully  into  the  history 
of  the  industry  in  this  and  other  countries;  illustrates  the  distri- 
bution in  this  country  by  various  maps  and  detailed  descriptions, 
geological  as  well  as  topographical,  treats  of  the  technology  and 
statistics  of  the  subject,  and  all  matter  connected  with  the  use  of 

Petroleum  and  its  products ;  and  closes  with  a  long  Bibliography, 
^he  subjects  of  Coke  and  Building  Stones  are  presented  with 
like  thoroughness.  The  latter  report  contains  an  important 
chapter  by  Dr.  A.  A.  Julien,  on  the  subject  of  "The  Durability 
of  Building  Stones  in  New  York  City  and  vicinity,"  which  has  a 
wide  bearing  in  its  facts  and  explanations. 

The  volume  closes  with  a  series  of  chromo-lithographs  (from 
the  establishment  of  Bien  &  Co.)  representing  various  polished 
marbles,  granites  and  other  rocks,  which  are  admirable ;  a  volume 
of  such  plates,  if  as  faithfully  prepared,  would  be  of  great  value 
to  the  Ornamental  Stone  industry. 
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6.  ^^  Lea  Fades  G^logiques*'* ;  by  Professor  E.  RENEviEB(Arch. 
Sci.  Phys.  et  Nsit.  Geneva,  Oct.,  1884).— By  "fades"  Professor 
Renevier  means  a  sedimentary  formation  that  was  made  under 
special  conditions  of  origin.  This  condition  may  be  expressed  in 
both  the  mineral,  stratigrapbical  and  palcontological  features,  and 
in  whatever  indicates  whether  a  stratum  or  formation  is  marine, 
aerial  or  fresh-water  in  origin ;  if  marine,  whether  of  deep  sea  or 
shallow  sea  oi-igin,  sea-shore  or  off-coast ;  of  open  shore,  bay  or 
river-mouth  origin;  of  exposed  coasts  or  sheltered  coasts;  if  of 
terrestrial  origin,  whether  of  ordinary  fluvial,  or  extraordinary; 
of  open  lakes  or  of  marshes ;  of  salt-lakes,  or  bnnes,  or  fresh- 
water ;  of  hot  water  or  not ;  and  so  on.  The  author  observes 
that  in  gedlo^cal  investigations,  these  points  and  others  bearing 
on  the  object  m  view  should  be  carefully  considered.  Ho  gives 
reasons  for  the  conclusion  that  the  "  flysch  "  of  the  Eocene  is 
littoral  in  origin,  and  pronounces  the  flysch  a  "  facies  littoral." 
Under  "  formations  suba^riennes "  he  describes  four  facies,  the 
Creaogen  fcides^  resulting  from  mineral  deposition  like  the  geyser 
deposits:  Ossiferous  facies^  surface  accumulations  of  bones,  or 
bone-breccias;  the  erratic  or  glacier  facies;  the  dune  facies. 
Other  facies  are  recognized  under  other  general  conditions.  The 
same  geological  formation  will  usually  be  of  one  facies  in  one 
plnce,  and  a  different  in  another,  and  only  the  narrower  subdivis- 
ions will  ordinately  be  throughout  of  one  facies. 

6.  Floods  in  the  Ohio  River. — ^A  valuable  paper  on  this  subject 
by  Mr.  Walter  A.  Dun,  is  published  in  the  Journal  of  the 
Cincinnati  Society  of  Natural  History,  vol.  vii,  No.  3,  1884.  He 
sustains  the  view  that  forests  have  little  influence  over  the  height 
of  the  floods. 

7.  Original  Researches  in  Mineralogy  and  Chemistry;  by  J. 
Lawrence  Smith,  Membre  Correspondant  de  I'lnstitut  de  France, 
etc.  Edited  by  J.  B.  Mabvtn,  B.S.,  M.D.  xl  and  630  pp.  8vo. 
Printed  for  presentation  only. — Twelve  years  have  passed  since 
a  volume  of  the  collected  papers  of  Dr.  J.  Lawrence  Smith  was 
published.  The  volume  now  issued  contains  besides  the  papers 
in  the  former  volume,  the  various  important  memoirs  later  pub- 
lished by  him — his  scientiflc  activity  ceasing  only  within  a  few 
months  of  his  death.  The  volume  opens  with  a  biographical 
sketch  prepared  by  Dr.  Marvin  at  the  request  of  the  American 
Academy  of  Arts  and  Sciences ;  a  memorial  sketch  by  Dr.  Mn>- 
DLBTON  Michel,  of  Charleston,  South  Carolina,  where  Dr.  Smith 
was  long  Professor  of  Chemistry ;  and  a  sketch  of  his  life  and 
scientific  work  by  B.  Silliman,  written  for  the  National  Academy 
of  Sciences.  It  closes  with  a  list  of  his  published  papers  and 
notes,  numbering  in  all  one  hundred  and  forty-five.  The  frontis- 
piece is  a  faithful  likeness  of  Dr.  Smith,  taken  from  that  prepared 
for  the  J.  Lawrence  Smith  gold  medal  of  the  National  Acad- 
emy, to  which  Professor  Silliman  alludes  as  follows  in  the  closing 
paragraph  of  his  just  and  highly  appreciative  address:  '^  We 
rejoice  that  though  dead  he  yet  lives,  and  that  the  work  he  loved 


Digitized  by 


Google 


Geology  amd  Mineralogy,  263 

8o  well  will  be  perpetuated,  ander  the  auspices  of  the  Academy, 
by  a  noble  endowment  bestowed  in  memoriam  by  his  devoted 
wife.''*  The  record  of  his  researches  and  discoveries  in  the  new 
volume  will  further  make  his  energy  a  lasting  source  of  progress 
to  science. 

8.  Foxirth  Annual  Report  of  the  State  Mineralogist  of  Cali- 
fornia^ for  the  year  ending  May  15,  1884.  410  pp.  8vo.  Sacra- 
mento, 1884. — Mr.  Henby  G.  Hanks,  the  State  mineralogist,  has 
presented  to  the  State  of  California,  and  to  the  niineralogical 
public,  another  large  and  valuable  volume.  It  contains  besides 
the  report  special,  a  chapter  on  tlie  agricultural,  commercial  and 
manufacturing  resources  of  the  State,  and  a  third  giving  a  cata- 
logue and  description  of  the  minerals  of  California,  with  special 
reference  to  those  having  an  economic  value.  This  catalogue 
extends  to  nearly  350  pages  and  describes  161  species,  alphabeti- 
cally arranged.  The  metals  and  mineral  coal  are  mentioned  in 
most  detail.  The  volume  opens  with  two  excellent  lithographs 
representing  the  San  Bernardino  meteoric  iron. 

9.  Minerals  from  JUiddletown,  Conyi,^  by  W.  N.  Rice,  (com- 
municated in  a  letter  to  Prof.  G.  J.  Brush,  dated  Jan.  17). — The 
following  additional  finds  of  minerals  in  this  vicinity  may  be 
worthy  of  notice : — Monazite,  at  Hale's  quarry,  in  northern  part 
of  Portland.  A  few  of  the  crystals  are  of  considerable  size,  the 
largest  exceeding  two  centimeters  in  length.  All  the  crystals 
show  the  planes  ^-^,  /,  l-i;  some  of  them  show  also  1,  li,  2-i. 
Crystals  are  of  dull  brownish  red  color  and  feeble  luster.  JBya- 
lite,  at  same  locality.  The  mineral  iills  cracks  and  lines  cavities 
in  the  granite.  It  is  stained  by  some  impurity  so  as  to  show  a 
delicate  apple-green  color.  JBismuCite^  at  Pelton's  quarry,  in 
eastern  part  of  Portland.  The  two  minerals  are  intimately  mixed 
together,  forming  lumps  of  grayish  green  color.  Microscopic 
examination  serves  to  distinguish  in  the  mass  the  white  parti- 
cles of  cerussite  effervescing  with  nitric  acid,  from  the  green  non- 
effervescent  particles  of  pyromorphite. 

These  minerals,  with  the  three  previously  noticed — samarskite, 
rhodonite,  Torbernite, — make  a  considerable  addition  to  the 
already  long  list  of  minerals  observed  in  our  granite  veinstone. 

10.  Chryaoheryl  in  Maine. — Mr.  N.  H.  Perry,  of  South  Paris, 
Maine,  states  that  he  has  found  chrysoberyl  at  Stoneham,  also  at 
Canton,  Peru,  Norway  and  Stow,  but  thus  far  not  in  fine  speci- 
mens. Some  of  the  small  dark  colored  crystals  in  the  fibrolite  at 
Stoneham  are  however  quite  perfect  in  form.  The  small  crystals 
occur  at  Canton  and  Stow  with  large  coarse  crystals. 

♦  See  this  Journal,  III,  xxviil  77,  1884, 
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III.  Botany  and  Zoology. 

I.  Report  on  the  Forests  of  North  America;  by  Charles  S. 
Sargbnt,  Arnold  Professor  of  Arboriculture  in  Harvard  College. 
Vol.  ix  of  the  Report  of  the  Tenth  U.  S.  Census.  Washington, 
1884.  pp.  612,  4to,  with  39  maps  in  quarto;  also  an  Atlas  of 
16  elephant  folio  maps,  illustrating  distribution  and  character  of 
forests. — A  great  work  faithfully  done.  There  are  first  a  dozen 
pages  of  general  remarks  on  the  forests  of  the  country  as  to  dis- 
tribution, touching  upon  its  relation  to  rainfall,  the  distribution  of 
the  genera  and  of  the  species.  This  is  followed  by  220  pages  (a 
full  index  included)  of  what  is  called  a  Catalogue  of  the  Forest 
Trees  of  North  America  (exclusive  of  Mexico)  with  remarks  upon 
their  Synonymy,  Bibliographical  History,  Economic  Value,  and 
Uses.  The  Catalogue  is  of  course  complete  and  is  systematically 
arranged  under  the  ordei"s  and  genera;  the  bibliography  really 
seems  to  be  exhaustive,  and  the  synonymy  nearly  so.  The  popular 
names  follow,  in  a  separate  line  and  type.  The  geographical  range 
is  then  given,  occasionally  with  citation  of  authorities.  Then  the 
height  of  the  tree  and  diameter  of  its  trunk,  in  a  general  way. 
Finally  the  character  of  the  wood  is  specified,  including  its  specific 
gravity  and  the  amount  of  ash. 

Part  II,  The  Woods  of  the  United  States,  fills  over  250  pages 
with  the  results  of  investigations  (by  Mr.  Sharpies)  upon  the 
qualities  of  the  wood  of  the  different  trees,  the  specific  gravity 
and  ash,  the  fuel  value,  strength  both  tensile  and  under  compres- 
sion, etc.,  largely  in  the  form  of  tables.  A  double  quarto  map 
exhibits  the  character  of  the  fuel  used  in  different  parts  of  the  set- 
tled country;  another,  with  accompanying  tables,  illustrates  the 
section  on  forest  fires  and  makes  their  enormousness  (we  might 
write  it  enormity)  manifest  by  showing  what  has  occurred 
during  the  census  year. 

Part  ni  takes  up  The  Forests  of  the  United  States  in  their 
Economic  Aspects,  tabulates  the  lumber  industry,  illustrates  de- 
scriptively and  by  colored  maps  the  density  and  the  character  of 
the  forests  now  standing  in  every  State  and  Teri-itory.  The  huge 
folio  maps  illustrate  some  of  the  data  upon  a  larger  scale  than  the 
more  convenient  ones  intercalated  in  the  letter-press.  One  of  them 
shows  the  position  of  the  forest,  prairie,  and  treeless  regions  of 
the  continent;  another,  the  natural  divisions  of  the  forests;  a 
dozen  others  are  devoted  to  distribution  of  particular  species  of 
trees,  being  those  of  greatest  economical  value ;  and  the  last  exhib- 
its the  relative  average  density  of  existing  forests.  The  general 
index  fills  thirty  pages,  that  of  the  Catalogue  of  the  species  and 
their  synonyms,  twenty  more. 

Evidently  no  labor  nor  pains  have  been  spared.  Considering 
the  elaborate  way  in  which  the  synonymy  and  the  bibliography 
have  been  given,  one  must  wish  that  a  certain  amount  of  popular 
botanical  description  had  been  added,  either  under  each  species 
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or  in  synoptical  characters  tinder  each  genus.  This,  we  know,  it 
is  intended  to  supply  in  another  work,  a  popular  Sylva,  but  the 
total  absence  of  such  matter  here  is  conspicuous.  Moreover,  while 
the  wood  is  characterized,  the  bark  is  unnoticed.  The  latter  is 
often  more  characteristic  than  the  wood,  is  more  obvious,  and  is 
not  rarely  of  equal  or  greater  economical  importance.  The  same 
may  be  said  of  the  fruits.  If  as  respects  the  botanical  part,  we 
have  not  the  complete  superstructure,  we  have  a  good  foundation. 

A.   G. 

2.  MacourCa  Catalogue  of  Canadian  Plants:  Part  II.  Oamo- 
petaloB.  Issued  by  the  Geological  and  Natural  History  Survey  of 
Canada,  A.  R  C.  Selwyn,  LL.D.,  F.R.S,  etc..  Director, Montreal; 
Dawson  Brothers,  1884,  pp.  193-394,  8vo. — Professor  John 
Macoun,  the  indefatigable  Botanist  of  the  Canada  Survey,  brought 
ont  the  PolypetalcB  ot  this  elaborate  Catalogue  early  in  the  year 
1883,  in  192  pages,  and  now  at  the  close  of  1884  he  adds  the 
OamopetakB.  Canada  must  here  be  understood  in  its  extended 
sense  of  the  whole  British  Dominion  in  North  America,  and  even 
Alaska  is  included,  scientific  prevailing  over  political  considera- 
tions. Geographical  ranges  and  stations  are  given  with  fullness 
and  critical  particularity.  A  little  longer  delay  in  the  printing  of 
the  CompositaB  would  have  secured  more  uniformity  in  the 
nomenclature  with  that  of  the  Synoptical  Flora  of  North  America. 
It  was  a  long  stretch  to  bring  in  Arnica  SachalinensiSf  Sachalin 
Island  being  indeed  very  far  ^^  off  the  coast  of  Alaska."  Perhaps 
the  present  writer  may  be  somewhat  to  blame  for  this,  by  not 
stating  where  the  Sachalin  or  Saghalin,  or  Sagalin,  is  situated 
when  he  characterized  that  species.  Professor  Macoun  may  be 
quite  right  in  the  opinion  that  Andromeda  ligustrina  has  been 
credited  to  Canada  only  through  the  unreliability  of  Pur^h  and  the 
misconception  of  later  botanists.  But,  as  Carey  and  Washburn 
have  collected  it  in  Vermont,  and  as  Oakes  certified  that  Bob- 
bins found  it  as  far  north  as  Oardiner,  Maine,  it  may  well  have 
reached  the  Canada  line. 

In  respect  to  the  extension  of  this  name,  Canada,  which  has 
so  long  had  a  definite  meaning  restricted  to  the  two  provinces, 
Upper  and  Lower,  it  seems  to  us  as  wrong  as  it  is  confusing  to 
extend  it  across  the  continent  and  include  in  it  British  Columbia. 
Better  make  a  new  name  if  one  is  wanted,  for  the  British  Posses- 
sions in  North  America.  a.  g. 

3.  JSistoire  des  Sciences  et  des  Savants  depuis  deux  Si^ies^ 
pricidee  et  suivie  d*  autres  itudes  sur  les  sujets  scientifiques^  en 
particidier  sur  rMerediti  et  la  Selection  dans  VEsphce  Humaine; 

gar  Aif  HONSB  de  Candolle,  Associ6  Stranger  de  I'Academie  des 
ciences  de  Paris,  etc.,  etc. — This  is  a  second  edition,  much  en- 
larged and  in  some  particulars  changed  from  the  first,  which  was 
published  twelve  years  ago.  It  bears  the  date  of  1885,  but  was 
issued  toward  the  close  of  the  preceding  year.  It  discusses  so 
many  topics,  and  some  of  them  with  such  particularity  that  a  re« 
Tiew,  or  even  a  fiill  notice  of  the  contents,  of  this  stout  octavo  of 
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600  pages,  will  not  be  expected  of  us.  Some  idea  of  the  varied 
interest  of  the  volume  may  be  gathered  from  our  statement  that, 
after  three  brief  essays  on  the  observation,  first  of  material  and 
then  of  social  facts,  and  upon  the  best  way  to  study  statistics,  ^we 
have  a  very  full  discussion  upon  the  part  wliich  heredity,  varia- 
bility, and  selection  play  in  the  development  of  the  human  spe- 
cies. At  its  close  the  author  enquires  whether  the  frequent 
tendency  of  civilized  men  to  return  toward  barbarism  is  a  matter 
of  direct  heredity  or  of  atavism,  and  whether  it  is  probable  that 
civilization  will  some  time  completely  perish  off  the  earth.  After 
this  startling  suggestion  the  author  speculates  scientifically  upon 
the  probable  future  of  the  human  species. 

The  next  essay,  reprinted  from  the  firet  edition  with  some 
changes,  explains  upon  the  principles  of  natural  selection  why 
contagious  and  epidemic  diseases  are  more  fatal  at  their  first 
appearance  among  a  people  than  afterwards,  and  how  it  is  that 
vaccination  may  after  long  use  come  to  be  less  protective  than  at 
first. 

Then  comes  the  article  which  gives  its  title  to  the  volume,  and 
fills  more  than  half  of  it.  It  is  an  analysis  of  the  lists  of  foreign 
membei's  of  the  Institute  of  France,  the  Royal  Society  of  London, 
and  the  Academy  of  Sciences  at  Berlin,  for  two  centuries,  and 
a  discussion  of  the  data  in  reference  to  the  institutions  of  the 
countries  and  the  races  which  furnished  the  savants,  the  influence 
of  heredity,  language,  climate,  etc.,  etc.,  and  ending  with  deduc- 
tions as  to  the  causes  and  conditions  which  seem  most  to  favor  the 
development  of  the  sciences,  as  well  the  moral,  social,  and  histori- 
cal as  the  mathematical,  physical,  and  natural. 

This  is  followed  by  the  essay  (which  excited  considerable  at- 
tention on  its  appearance  in  the  first  edition),  upon  the  advantage 
for  science  (>f  a  dominant  language,  and  the  expression  of  a  well- 
reasoned  opinion  that  the  English  language  will  be,  and  deserves 
to  be,  the  dominant  language  of  the  twentieth  century.  In 
view  of  which  the  author  alludes  to  the  serious  infirmity  of  our  lan- 
guage, its  loose  and  lawless  orthography  and  pronunciation.  There 
is  also  a  short  article  on  the  different  senses  of  the  word  Nature,  and 
consequently  of  the  words  natural  and  supernatural,  which  does  not 
go  very  deeply  into  the  subject ;  and  a  new  one  upon  transforma- 
tions of  naovement  in  organized  beings,  plastic  movements,  vitality, 
etc.  We  notice  that,  although  the  author  has  no  faith  in  the 
growing  of  mummy-wheat  and  the  like,  he  thinks  that  the  preserva- 
tion of  the  vitality  of  a  seed  for  two  or  three  thousand  years  is  not 
in  itself  improbable  !  a.  o. 

4.  Jahrhueh  des  K^niglichen  hotanischen  Gartens  und  des  hot- 
anischen  Museums  zu  Berlin  ;  herausg.  De.  A.  W.  Eiculeb,  etc 
Band  III.  1884. — The  third  volume  of  this  new  annual,  an  8vo. 
of  350  pages  and  with  eight  plates,  thus  promptly  appears  at  the 
close  of  the  year  1884,  under  the  Director  editorship,  with  the  co- 
operation of  Dr.  Garcke,  Curator  of  the  Museum,  and  Dr.  Urban, 
Curator  of  the  Gardens.    The  principal  editor  begins  the  voloxne 
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by  a  brief  account  of  the  operations  of  the  establishments  under  his 
charge.  G.  Volkens  has  a  long  article  on  the  relations  between 
the  habit  and  anatomical  structure  in  the  organs  of  vegetation  of 
plants.  F.  Johow  discourses  upon  the  biology  of  floral  and  extra- 
floral  show- apparatus,  i.  e.  the  colored  parts  of  or  near  flowers. 
E.  Loew  fills  a  large  part  of  the  volume  with  his  observations  upon 
insect-visitation  ot  blossoms  ofplants  in  the  open  ground  of  the 
Botanic  Oarden  at  Berlin.  K.  Schumann  investigates  the  ety- 
mology of  the  names  and  the  history  of  Cloves ;  also  the  terato- 
logy of  Gagea  pratensis.  M.  FUnfsttlck  has  an  illustrated  paper  on 
the  develo|)ment  of  Lichenes.  Th.  Wenzig  gives  a  new  synopsis 
of  American  Oaks.  W.  Schwacke  writes  upon  the  Curare  arrow- 
poison  of  the  Tecuna  Indians,  and  gives  a  sketch  of  the  flora  of 
Man&os  in  Brazil.  I.  Urban  brings  together  some  Miscellanea 
upon  plants  of  the  Berlin  garden.  K.  Prantl  gives  a  systematic 
arrangement  and  notes  upon  the  geographical  distribution  of  the 
OphiogloBseoB,  a.  g. 

5.  Origin  of  Cultivated  Plaints,  By  Alphonsb  db  Candolle. 
New  York,  D.  Appleton  &  Co.  1885.  pp.  468,  12mo,  (The  Inter- 
national Scientific  Series,  vol.  xlviii). — We  gave  an  elaborate 
review  of  this  interesting  volume  in  this  Journal,  upon  the  first 
appearance  of  the  original  French  edition,  three  years  ago.  Its 
re-issue  now  in  English,  we  are  glad  to  know,  will  assure  to  it  a 
wider  circulation.  The  translator's  name  is  not  given  ;  but  he  ap- 
pears to  have  done  his  work  well.  In  two  or  three  paragraphs  at 
the  proper  places  the  author  refers  to  '*  the  learned  articles  "  in 
our  pages.  The  erudition  was  supplied  by  Mr.  Trumbull,  whose 
stores  of  information  respecting  aboriginal  cultivations  in  America 
we  should  be  glad  to  draw  upon  more  largely.  a.  g. 

6.  Abnormal  and  pathologic  forma  of  fresh-water  shells  from 
the  vicinity  of  Albany^  New  York^  with  two  plates ;  by  C.  E. 
BsBCHKS  (36th  Kep.  N.  Y.  State  Mus.  Nat.  Hist.).— The  abnor- 
mal  forms  which  Mr.  Beecher  describes  includes  unusually  ex- 
panded apertures  in  Physa  anciUata  Say  and  Planorbis  exacutus 
Say,  a  heterospiral  growth  of  the  shell  in  Gillia  altilis  Lea,  the 
shell  having  the  first  three  volutions  normal,  and  the  spiral  re- 
versed for  the  last  volution ;  a  carination  of  the  volutions  and 
narrowing  of  the  upper  part  of  the  aperture  in  Somatogyrus  sub- 
globosus  Say ;  the  last  two  volutions  free  in  Valvata  tricarinata 
Say ;  a  sinistral  form  in  Planorbis  eoscu^utus  Say ;  and  abnormal 
forms  also  in  several  Unios. 

IV.    Miscellaneous  Scientifio  Intelligence. 

1.  Memoirs  of  the  National  Academy  of  Sciences^  vol.  II.  262 
pp.  4to,  with  several  plates.  Washington,  1884. — This  second 
volume  of  the  Memoirs  of  the  National  Academy  of  Sciences 
recently  issued,  contains  the  following  important  papers  :  1,  Report 
of  the  Eclipse  Expedition  to  Caroline  Island,  May,  1883;  2, 
Experimental  determination  of  wave-lengths  in  the  invisible  pria- 
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matic  spectrum,  by  Prof.  S.  P.  Langley ;  3,  On  the  subsidence  of 
particles  in  liquid,  by  Prof.  W.  H.  Brewer;  4,  On  the  formation 
of  a  deaf  variety  of  the  human  race,  by  A.  Graham  Bell. 

2.  The  Watts  Fund. — The  Committee  having  in  charge  the 
raising  of  a  fund  for  the  family  of  the  late  Mr.  Henry  Watts 
(seepage  172  of  the  last  number),  announce  that  nearly  £1500 
have  already  been  contributed  in  England ;  American  chemists 
will  doubtless  be  prompted  to  do  their  share  in  aiding  this  good 
work. 

Transdctions  of  the  Vassar  Brothers  Institute^  and  its  ScienHfic  Section.  Pough- 
keepsie,  N\  T.  Vol.  ii.  1 883-1 88i. — Among  tlie  papers  in  this  volume  ihere 
are  the  following :  a  notice  of  a  bed  of  hematite  in  connection  with  Lower  Helder- 
berg  limestone  at  Cold  Hill  (a  secondary  product),  in  Cornwall,  Orange  County, 
New  York,  by  Professor  W.  B.  D wight;  notes  on  the  Carcharodon  carcharias. 
with  figures,  by  Dr.  W.  G  Stevenson ;  ou  uniformity  in  climate  in  past  geological 
ages,  by  C.  B.  Warring;  on  evidence  of  intelligence  in  butterflies,  by  J.  M.  De- 
Ckrmo ;  on  paleontological  discoveries  near  Pouglikeepsie,  by  W.  B.  Dwightw 

OBITTTAEY. 

Alfbed  Tylob,  Esq.,  of  Carshalton,  County  Surrey,  England, 
died  on  the  Slst  of  December,  in  his  sixty-first  year.  Mr.  Tylor 
was  an  active  geologist,  member  of  the  Geological  Society  of 
London.  He  contributed  a  number  of  memoirs  as  the  result  of 
much  research,  to  the  Society  which  are  published  in  its  Memoirs. 
The  subject  to  which  he  was  especially  devoted  was  that  of 
fluvial  action,  or  river  deposits  and  the  conditions  of  their  forma- 
tion.  On  account  of  the  great  extent  of  the  river  terraces  in  the 
era  following  the  glacial,  and  the  excessive  rains  during  the  era 
which  the  terraces  were  believed  by  him  to  indicate,  he  named 
the  era  previously  called  in  America,  the  Champlain  period,  the 
Pluvial  period.  Mr.  Tylor  was  at  the  Montreal  meeting  of  the 
British  Association,  and  afterward  visited  various  places  in  this 
country.  He  was  a  very  genial  man,  overflowing  with  interest 
in  his  geological  work,  and  also  abounding  in  information  on 
other  subjects.     He  was  a  member  of  the  Society  of  Friends. 

RoBEBT  Alfeed  Cloyne  Godwin-Aubten,  eminent  among  the 
older  geologists  of  England,  died  on  the  25th  of  November  last, 
age  76. 

Mr.  Austen's  papers  are  numerous  and  have  had  great  effect  on 
the  progress  of  British  and  general  geology.  He  was  elected  a 
Fellow  of  the  Geological  Society  in  1 830,'  and  a  Fellow  of  the 
Royal  Society  in  1849,  and  received  from  the  Geological  Society 
the  Wollaston  Medal  in  1862.  A  review  of  his  life  and  a  list  of 
his  published  geological  works  and  papers  is  contained  in  the 
Geological  Magazine  for  January  last. 
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Art.  XXXV. — On  the  use  of  Carbon  bisulphide  in  prisms; 
being  an  account  of  Experiments  made  by  the  late  Dr.  Henky 
Draper  of  New  York.^ 

The  photographs  which  were  taken  in  the  research  on  the 

f)resence  of  oxygen  in  the  sun,  in  the  earlier  as  well  as  in  the 
ater  series  of  experiments,t  were  obtained  by  the  use  of  two 
hollow  prisms  filled  with  carbon  bisulphide.  These  prisms 
were  loaned  for  this  purpose  by  Mr.  Rutherfurd,  having  been 
made  by  him  for  producing  his  celebrated  solar  prismatic  spfc- 
irum.J  The  photographic  work  for  the  oxygen  research  was 
done  in  New  York  in  a  back  room  of  the  third  story  of  Dr. 
Draper's  residence.  The  temperature  of  this  room  proved  to 
be  remarkably  uniform,  the  quality  of  the  photographs  and 
especially  the  sharpness  of  definition,  being  all  that  could  be 
desired.  When  however  the  preiiminarjr  experiments  required 
forthe continuation  and  extension  of  this  research  were  under- 
taken in  the  new  physical  laboratory  (which  Dr.  Draper  ha<l 

*  The  results  which  were  obtained  by  Dr.  Draper  in  his  investigations  on  the 
cause  of  the  difficulties  encountered^ in  the  use  of  carbon  bisulphide  in  prisms 
seemed  so  valuable  and  so  likelj  to  be  of  service  to  others  engaged  in 
photographing  the  prismatic  spectrum,  that  at  the  suggestion  of  several  of  his 
scientific  friends  it  was  decided  to  publish  them.  At  the  request  of  Mrs.  Draper, 
therefore,  and  with  her  kind  assistance,  I  have  collected  from  Dr.  Draper's  copious 
notes  the  facts  in  relation  to  his  experiments  which  are  detailed  in  Sie  following 
pages  ;  and  have  also  made  some  supplementary  measurements  to  test  the 
effideucy  of  the  apparatus.— George  F.  Babkeb. 

t  This  Journal.  IIT,  xiv,  89,  Aug.  1877;  xviii  262,  Oct.  1879. 

X  This  Jourual,  II.  xxxv,  407,  May,  1863  ;  xxxix,  129,  March,  1866. 

Am.  Joua  Sol— Thikd  Series,  Vol.  XXIX,  No.  172,  April,  1885. 
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built  above  his  stable  in  the  rear  of  his  house  and  which  was 
completed  in  1880)  it  was  found  practically  impossible  to  use 
carbon  bisulphide  prisms  in  this  room  owing  to  the  rapid  vari- 
ations of  the  temperature  there.  No  definition  whatever  could 
be  obtained  with  the  same  prisms  which  had  performed  so  well 
in  the  main  house.  In  consequence,  the  use  of  these  prisms 
had  to  be  abandoned  and  a  series  of  experiments  was  made  to 
obtain  the  spectrum  by  other  means.  First  a  Rutherfurd  sil- 
vered glass  grating  of  8,640  lines  to  the  inch  was  employed 
and  subsequently  a  train  of  six  flint  glass  prisms  made  by 
Stein heil  and  loaned  by  Mr.  Rutherfurd.  With  reference  to 
these  experiments,  Dr.  Draper  says:  **The  exposures  required 
when  using  the  silvered  grating  were  so  long  that  experimenta- 
tion was  very  teious;  but  when  in  addition,  the  definition 
did  not  equal  that  of  the  two  bisulphide  prisms  formerly  used, 
a  change  became  necessary.  If  we  could  overcome  the  eflfect 
of  temperature  on  bisulphide  it  would  doubtless  serve  our  pur- 
pose best,  because  it  is  more  transparent,  less  colored  and  loses 
less  light  by  reflection  than  glass  prisms  since  there  are  only 
two  prisms  needed  to  do  the  work  of  four  flints.  But  the  in- 
stability of  a  bisulphide  train  is  so  marked  in  the  new  labora- 
tory on  account  of  the  fluctuations  of  temperature,  that  we  have 
not  been  able  to  depend  upon  it.  Possibly  if  the  prisms  were  ' 
enclosed  in  cotton  batting  or  immersed  in  water  these  difficul- 
ties might  be  overcome." 

With  the  flint  prisms,  the  definition  of  the  sud  spectrum  was 
excellent,  but  it  was  found  impossible  to  get  the  line  H  on  the 
photographic  plate,  through  the  train.  The  silvered  glass 
grating  permitted  the  spectrum  from  F  to  a  longdistance  above 
H  to  be  obtained  at  one  exposure  on  an  eight-inch  plate;  but 
the  definition  given  by  it  on  the  sun  spectrum  was  inferior  to* 
that  obtained  with  the  prisms.  The  definition  of  the  flint  train 
however,  good  as  it  was,  only  equaled  and  did  not  surpass 
that  of  the  bisulphide  prisms  used  in  the  oxygen  research; 
**  the  rippled  line  below  G  is  as  well  defined*'  Dr.  Draper  says, 
"as  I  have  ever  seen  it  with  the  two  bisulphide  prisms."  On 
the  spectrum  of  the  carbon  arc,  the  dispersion  given  by  the 
train  between  G  and  H  was  double  that  given  by  the  silvered 
grating  in  the  spectrum  of  the  first  order ;  while  that  given  by 
"the  two  bisulphide  prisms  between  G  and  H  is  slightly 
greater  than  that  of  the  six  flint  prisms."  Moreover,  while  the 
definition  on  the  lines  of  the  sun  spectrum  was  best  with  the 
flint  prisms,  that  on  the  spark  spectrum  lines  was  best  with  the 
grating.  These  experiments  extended  through  nearly  two 
years,  from  March,  1880,  until  early  in  the  winter  of  1881-2. 

Among  the  earliest  experiments  which  were  undertaken  in 
the  new  laboratory  was  a  series  made  to  test  the  performance 
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of  a  bisulphide  prism  of  Tholloa's  construction*  made  by 
Hilger  of  London,  and  obtained  from  him  by  Dr.  Draper  when 
in  Europe  early  in  1879.  This  prism  consists  of  a  glass  bottle 
having  two  plane  sides  making  an  angle  of  90*^  with  one 
another,  upon  which  are  cemented  two  prisms  of  flint  glass 
four  by  two  inches  on  the  face,  having  each  a  refracting  angle 
of  18°.  The  refracting  edges  of  these  glass  prisms  are  opposed 
to  that  of  the  bisulphide  prism.  Hence  the  refracting  angle  of 
ihe  compound  prism  is  54:*.  The  same  difficulties  were  expe- 
rienced with  this  prism  as  with  the  Eutherfurd  bisulphide 
prisms.  Owing  to  the  temperature- variations,  the  spectrum 
'  lines  were  "  wooly "  and  no  definition  was  possible.  Dr.  Draper 
says:  "The  bisulphide  prism  touched  with  the  finger  or 
breathed  on  loses  all  definition  at  once."  It  was  found  how- 
ever, that  the  dispersive  power  of  the  Thollon  prism  was  equal 
to  that  of  about  four  of  the  Steinheil  flint  prisms;  and  this 
fact,  together  with  the  unsatisfactory  character  of  the  results 
obtained  with  the  train  of  prisms  as  well  as  with  the  grating, 
led  Dr.  Draper  to  undertake  an  investigation  into  the  causes  of 
this  unsteadiness  of  the  bisulphide,  with  a  view  to  remedying  it 
if  practicable. 

The  same  difficulty  has  been  encountered  by  all  experiment- 
ers who  have  endeavored  to  use  bisulphide  prisms.  Mr.  Euth- 
erfurd himself  found  it  to  be  very  serious  and  M.  Thollon  says 
such  prisms  must  be  protected  carefully  from  temperature- 
variations.  It  was  while  using\  these  prisms  that  Mr.  Euther- 
furd made  an  important  observation.  He  noticed  that  **  if  a 
good  prism  which  with  a  high  power  refuses  to  define  the  soda 
line  (a  more  stringent  test  than  solar  lines)  is  violently  shaken 
and  then  placed  in  position,  it  will  for  a  few  minutes  define 
beautifully  but  gradually  settle  into  its  former  condition. "f  It 
occurred  to  Dr.  Draper  therefore,  that  possibly  the  stria©  caused 
by  convection  currents  produced  by  inequalities  of  temperature, 
and  which  caused  the  bad  definition,  might  be  destroyed  by  an 
active  agitation  of  the  liquid.  Acting  on  this  suggestion,  on 
the  19th  of  November  1881  he  placed  a  small  propeller  wheel 
in  the  bisulphide  contained  in  the  Thollon  prism,  its  shaft  pass- 
ing out  through  the  stopper.  By  means  of  a  small  electric 
motor,  this  propeller  could  be  rotated  with  any  convenient 
speed.  The  result  was  marvelous;  by  thus  keeping  the 
liquid  in  agitation  all  inequalities  in  its  density  were  prevented 
and  the  definition  became  excellent.  On  the  21st  of  Novem- 
ber, with  the  stirrer  revolving  five  times  a  second  the  definition 
was  so  perfect  that  even  with  a  faint  flame  the  sodium  line 
could  be  seen  distinctly  reversed.  A  series  of  comparisons 
was  now  undertaken  between  the  train  of  Steinheil  prisms  and 

*  J.  Phys.,  viu,  73,  1879.     0.  R.,  Ixxxviii,  80,  82,  1879.        f  ^^  ©it,  p.  130. 
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the  Thollon  prism  as  arranged  with  th^  stirrer.  On  December 
2d,  using  sunlight,  the  relative  dispersion  of  the  two  was  found 
to  be  very  nearly  equal,  the  flint  train  giving  perhaps  one- 
eighth  more;  but  the  amount  of  light  transmitted  by  the  bisul- 
phide prism  was  at  least  four  times  and  in  the  region  about  G 
eight  times  as  great  as  that  obtained  from  the  Steinheil  prisms. 
But  now  another  source  of  error  was  developed.  Although 
when  the  propeller  was  running,  the  definition  of  the  bisul- 
phide prism  was  not  affected  by  changes  of  temperature, yet  now, 
these  changes  of  temperature,  by  changing  the  refractive  index 
of  the  liquid,  caused  a  continual  shifting  of  the  position  of  the 
lines  in  the  spectrum,  either  in  one  direction  or  the  other.  It 
is  obvious  therefore,  that  during  an  exposure  of  any  considera- 
ble duration,  such  as  is  often  necessary  with  faint  spectra,  this 
change  of  position  in  the  lines  due  to  temperature-change 
would  absolutely  destroy  the  definition  on  the  photographic 
plate.  In  the  hope  of  correcting  this  new  difficulty,  an  even 
temperature  box  was  constructed  about  the  prism,  and  was 
filled  with  cotton.  On  the  morning  of  December  8th  it  was 
found  that  the  thermometer  had  fallen  during  the  night  9°  F. 
and  that  the  sodium  lines  had  shifted  toward  the  more  refrangi- 
ble end  of  the  spectrum  a  distance  of  0*75  inch.*  A  direct 
experiment,  made  by  placing  a  iliermometer  in  the  bisulphide, 
showed  that  for  a  change  of  3-75°  F.  a  change  took  place  in  the 
position  of  these  lines  of  0*875  inch.  The  box  containing  the 
prism  was  then  enlarged  to  SO  inches  on  a  side  and  a  plate  of 
iron  6  inches  square  was  let  in  to  the  bottom,  and  so  arranged 
that  it  could  be  heated  by  a  gas  flame.  Subsequently  an  iron 
tube  closed  at  the  upper  "end  and  nine  inches  long,  was  passed 
through  the  plate  and  allowed  to  project  7  inches  into  the  box. 
The  temperature  within  was  regulated  by  two  compound  ex- 
pansion bars  made  of  strips  of  vulcanite  and  brass  riveted 
together  and  included  in  the  circuit  of  a  battery  and  an  electro- 
magnet so  arranged  that  when  the  ends  of  the  bars  came  in 
contact  as  the  temperature  rose,  the  circuit  was  closed  and  the 
electromagnet  turned  down  the  gaF.  When  the  temperature 
fell,  the  circuit  was  opened  and  the  gas  was  again  turned  on. 
On  the  16th  of  December,  the  regulator  was  adjusted  for  77** 
F.,  the  temperature  of  the  room  being  63°  F.  After  four  hours 
the  sodium  lines  ceased  to  move  toward  the  red,  but,  until  the  | 
stirrer  was  started,  the  definition  was  bad  and  the  lines  could  \ 
not  be  separated.  On  the  morning  of  December  20th  the  I 
thermometer  in  the  box  had  fallen  over  night  from  79**  to  65®  | 
F.  and  the  sodium  lines  had  receded  toward  the  violet  end  of  ! 
the  spectrum  a  distance  of   1-375  inches.     On  turning  on  the         I 

*  Those  measurements  were  made  by  Mr.  D.  C.  Chapman,  who  at  that  time  was  \ 

acting  as  Dr.  Draper's  assistant. 
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heat,  the  prism  did  not  appear  to  feel  the  effect  for  half  an 
hour.  Then  the  lines  began  to  move  toward  the  red  end  of 
the  spectrum  and  continued  to  do  so  for  more  than  five  hours. 
On  turning  off  the  heat,  the  lines  began  to  recede  in  half  an 
hour;  but  although  it  was  again  turned  on,  they  did  not  be- 
come stationary  for  an  hour.  On  the  23d,  the  even  temperature 
box  was  enlarged  and  a  secoud  box  constructed  within  it,  the 
space  between  the  two  being  filled  with  cotton.  On  the  29th, 
the  regulator  was  started  at  7  A.  M.  At  1  P.  M.  the  temperature 
became  stationary  at  70°  F.  and  the  spectrum  remained  at  rest 
for  two  hours.  On  the  morning  of  January  1st,  1882,  the 
temperature  of  the  box  was  54°  F.,  having  cooled  from  72°  F. 
over  night,  and  the  sodium  lines  had  moved  a  distance  of  1*8 
inches.  From  these  experiments,  the  conclusion  was  reached 
that  if  a  change  of  over  10°  F.  is  to  be  made  in  the  box,  it  is 
doubtful  whether  with  this  apparatus  the  spectrum  can  be 
made  stationary  on  the  same  day.  The  heat  was  therefore  left 
on  over  night  and  the  temperature  was  found  to  be  readily 
controlled  the  next  day.  There  were  fluctuations  of  course ; 
but  they  were  not  enough  to  injure  the  definition  if  the  expos- 
ure was  not  over  15  or  20  minutes.  On  the  25th  of  January 
some  changes  were  made  in  the  heating  tube  by  placing  a 
funnel  upon  its  lower  end,  by  continuing  it  up  through  the  top 
of  the  box  and  by  making  an  opening  on  one  side  of  it  within 
the  box.  A  relay  was  also  arranged  with  a  damper  so  as  to 
close  the  top  of  this  tube  whenever  the  circuit  was  broken  by  the 
separation  of  the  differential  bars  in  the  box,  and  to  open  it 
when  the  circuit  was  closed.  This  relay  acted  in  concert  with  the 
electromagnet  above  mentioned,  closing  the  tube  when  the  gas 
was  turned  on  and  opening  it  when  it  was  turned  off.  On  light- 
m)i  the  gas  jet  below  the  funnel,  the  heated  air  vises  into  the 
tube  and  passes  into  the  box  through  the  lateral  opening  in  the 
tube.  When  the  temperature  is  reached  for  which  the  bars  arc 
set,  they  come  in  contact  and  close  the  circuit.  The  electro- 
magnet attracts  its  armature  and  thus  turns  down  the  gas  while 
tlie  relay  also  closes  and  thus  opens  the  damper  on  the  top  of 
tlie  tube.  The  heated  air  now  passes  out  of  the  box  through 
the  lateral  opening  until  the  temperature  has  fallen  suflSciently 
to  separate  the  expansion  bars  and  open  the  circuit.  No  ex- 
periments with  this  apparatus  are  recorded  in  the  note-books. 
On  the  27th  of  December,  1884,  the  apparatus  was  put  in 
order  and  some  experiments  were  made  with  it  for  the  purpose 
of  testing  its  efficiency.  The  automatic  arrangement  for  regu- 
lating the  heat  was  easily  adjusted  and  found  to  work  well. 
The  definition  of  the  sodium  lines  which  at  firat  was  very  bad, 
became  admirable  in  a  few  moments  after  starting  the  stirrer. 
On  the  30th,  the  first  systematic  test  was  made  with  it.     The 
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gas  was  lighted  at  9  o'clock,  a.  m.,  and  at  11  h.  20  tn.  the 
temperature  of  the  box  was  67 '5°  F.  The  cross  wires  of  a 
small  telescope  were  then  set  on  the  less  refrangible  component 
of  the  sodium  line.  In  15  minutes  the  other  component  was  on 
the  cross  wires,  the  spectrum  having  shifted  the  distance  be- 
tween these  sodium  lines  in  this  time.  The  displacement  was 
toward  the  red,  and  the  prism  was  rising  in  temperature.  The- 
second  similar  change  in  position  required  also  15  minutes ;  but 
the  third  required  19,  the  fourth  35  minutes  and  the  fifth  49 
minutes.  A  centigrade  thermometer  reading  to  tenths  waa 
then  placed  in  the  box.  At  5  b.  25  m.,  P.  M.,  this  thermometer 
read  iil'3°  0.  and  the  cross  wires  were  set  on  the  less  refrangible 
sodium  line.  In  25  minutes  the  thermometer  read  21*4^  C. 
and  the  spectrum  had  moved  over  a  little  more  than  the  dis- 
tance between  the  components.  A  second  change  of  this 
amount  required  41  minutes,  the  thermometer  showing  no 
change.  At  1  h.  2  m.,  A.  M.,  the  spectrum  had  again  shifted 
by  a  distance  equal  to  that  between  the  components  of  the 
sodium  line,  but  had  required  97  minutes  to  accomplish  it,  the 
thermometer  reading  22*3°  0.  at  the  beginning  and  at  the  close 
of  the  experiment.  The  latter  part  of  the  time  the  spectrum 
shifted  by  only  the  width  of  one  of  the  components  in  an  hour. 
In  a  second  experiment,  an  hour  and  six  minutes  was  require<l 
for  this  amount  of  displacement.  The  thermostat  was  then  left 
in  action  over  night.  At  9  h.  10  m.  the  next  morning  the 
thermometer  read  22*^  C.  not  having  perceptibly  changed  since 
the  last  reading,  while  the  sodium  lines  had  shifted  in  seven 
hours  by  only  a  little  more  than  the  distance  between  them. 

The  gas  was  then  turned  oflFand  the  entire  apparatus  Allowed 
to  remain  at  rest  for  several  days,  the  temperature  of  the  box, 
the  position  of  the  sodium  lines,  and  their  definition  being 
observed  by  Mrs.  Draper  from  time  to  time.  The  following 
are  the  values  obtained : 

Temp,  of  Temp,  of 

Date.  Time.  Room.  Box. 

Deo.  3l8t         10  p.m.         68°  P.  182°  0. 

Jan.  l8t.  12     m.  69"  P.  18-4"  0. 

3  p.m.         eS'^P.  18-6"  0. 

Jan.  2d.      10:46  a.m.        56^  P.  13-  °  0. 

Jan.  4tb.    12:30  p.m.         60**  P.  9  S**  0. 

"  4:40  p.m.  '* 

(Oas  lighted  in  thermostat.) 

"  7:30  p.m.         60°  P.  16-2*' C.         Entirely  gone      2083       " 

Jan.  5th.    10:25  a.m.        60"  P.  9-4"  C.        Kxoellent.    .        

( Oas  lighted  in  thermostat.) 

"  10:30  a.m.        50?  P.  10-2"  0.  Pair.  

"  10:45  a.m.  "  109°  C.  Bad.  

"  10:56  a.m.  "  12-2°  C.        Entirely  gone 

(Started  the  motor  and  in  five  minutes  the  definition  was  good.     Put  out  the 

gas  and  a  few  minutes  later  stopped  the  motor.     Definition  lessened  Yory  slowly.) 

"  11:15  a.m.        60°  P.  11-2°  0.         Kntirely  gone 


Definition. 

DlBplacemeDt. 

Excellent 

1-25    inches. 

i< 

1-166      " 

(( 

1-083       " 

Good. 

2-416 

Fair 

3-583       '' 

Sxcellent. 

3-683       '• 
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The  results  which  have  been  given  in  the  preceding  pages 
seem  to  have  a  twofold  bearing.  In  the  first  place  they  prove 
that  by  the  simple  expedient  of  stirring  the  liquid  in  a  prism  by 
means  of  a  propeller  or  other  device  so  as  to  keep  it  in  active 
•motion,  all  striae  due  to  temperature-changes  may  be  prevented 
and  the  definition  rendered  perfect.  Even  carbon  bisulphide, 
whose  extreme  mobility  and  high  expansion-coefficient  make  it 
extremely  sensitive  to  variations  of  temperature,  may  be  made 
in  this  way  to  give  the  most  admirable  definition ;  so  complete 
indeed,  that  in  the  spectrum  given  by  such  a  prism,  a  fine 
reversed  line  has  been  seen  in  one  of  the  components  of  the 
sodium  line.  The  practical  value  of  this  simple  device  is  very 
considerable.  The  Thollon  bisulphide  prism  above  mentioned 
while  giving  seven-eighths  as  much  dispersion  as  six  flint 
prisms  gives  four  times  the  light  in  the  entire  spectrum  and 
eight  times  the  light  in  the  region  near  G.  For  photographic 
purposes,  now  that  the  definition  can  be  made  permanently 
sharp  and  the  shifting  prevented,  this  prism  must  replace 
trains  of  glass  prisms,  and  even  gratings  unless  these  are  of 
large  size  and  are  used  with  telescopes  of  proportionately  large 
apertures. 

In  the  second  place  this  investigation  has  called  attention  in 
a  very  marked  manner  to  the  change  in  refracting  power  with 
change  of  temperature.  This  subject  has  already  been  dis- 
cussed with  reference  to  liquids  by  several  authors,  especially 
by  Gladstone  and  Dale*  in  1858,  and  with  reference  to  glass 
by  Mendenhall  in  1876,t  and  Hastings  in  1878.1  Both  these 
physicists  confirm  the  statement  of  Arago  and  Neumann  that 
for  glass  the  law  is  precisely  the  reverse  of  that  given  for 
liquids,  and  that  the  refractive  index  increases  with  the  tem- 
perature. Mendenhall  calls  attention  to  the  effect  of  this  change 
upon  the  determination  of  the  position  of  spectrum  lines,  espe- 
cially with  a  train  of  prisms,  and  suggests  that  it  may  account 
for  the  discrepancies  observed  in  the  values  given  by  different 
observers  for  the  same  line.  In  the  case  of  the  Thollon  prism 
described  in  this  paper,  it  will  be  observed  that  the  deviation 
and  consequently  the  refractive  index  increases  in  a  very 
marked  manner  as  the  temperature  diminishes;  confirmin<r 
Gladstone  and  Dale's  law  for  carbon  bisulphide.  When  the 
prism  was  cooled  from  22°  0.  to  9*6°,  the  double  sodium  line 
moved  toward  the  violet  end  of  the  spectrum  over  a  distance  of 

*  Phil.  Trans.,  1858,  887. 

t  This  Journal,  III,  xi,  406,  May,  1876. 

X  Ibid.  III.  zv,  269,  April,  1878.  Hastings  calls  attention  to  the  new  and  note- 
worthy fact,  brought  out  by  his  results,  that  the  variation  in  dispersive  power 
atteoding  variation  in  temperature  is  relatively  enormously  greater  than  that  of 
the  refractive  power. 


Digitized  by 


Google 


276     Experiments  made  hy  the  late  Dr.  Hemry  Draper, 

8*583  inches.''^  As  Mendenhall  has  shown  that  no  change  takes 
place  in  the  angle  of  a  glass  prism  with  change  of  temperature, 
it  follows  that  the  flint  glass  prisms  composing  the  sides  of  the 
Thollon  prism  change  only  in  their  speciBc  refraction  with 
change  of  temperature.  Hence  the  change  of  the  refractive 
index  observea  in  this  prism  as  above  stated,  is  a  differential 
result  due  to  the  excess  of  the  change  in  the  index  of  the 
bisulphide  in  one  direction,  over  that  of  the  flint  glass  in  the 
other. 

Moreover  it  has  now  been  most  clearly  shown  that  by  means 
of  a  suitable  thermostatic  arrangement,  it  is  quite  possible  to 
preserve  the  temperature  of  the  prism  so  uniform  that  no 
material  change  of  position  shall  take  place  in  the  spectrum 
lines,  at  least  during  any  reasonable  exposure.  The  numerical 
results  above  given  prove  that  in  the  apparatus  as  arranged  bv 
Dr.  Draper  the  temperature  did  not  vary  01**  0.  for  more  than 
seven  hours,  and  that  during  that  time  the  sodium  lines  did  not 
change  their  position  by  an  amount  equal  to  the  distance 
between  theni.  Hence  this  source  of  difficulty,  hitherto  so 
serious  in  spectrum  photography,  especially  when  the  exposure 
is  a  long  one,  is  entirely  obviated. 

These  experiments,  moreover,  confirm  the  opinion  that  the 
irregularities  in  the  bisulphide  which  are  the  cause  of  its  bad 
definition,  are  produced  by  an  inequality  between  the  tempera- 
ture of  the  liquid  and  that  of  its  enclosing  vessel,  thus  produc- 
ing convection  currents  in  the  liquid.  So  long  as  the  tempera- 
tures of  the  prism  and  of  its  contents  rise  and  fall  together, 
and  with  the  surrounding  objects,  so  long  the  definition  remains 
perfect,  notwithstanding  the  temperature  change.  It  is  only 
when  considerable  changes  of  temperature  take  place  suddenly, 
that  the  striae  due  to  these  convection  currents  appear  and  spoil 
the  definition.  As  this  is  the  condition  in  most  working  labo- 
ratories, the  advantages  there  of  a  method  of  completely 
obviating  the  evil  by  agitation  enables  the  experimenter  to 
secure  good  definition  with  any  changes  of  temperature.  But 
now  these  changes  of  temperature,  though  they  cannot  produce 
bad  definition,  do  cause  shifting  of  the  lines.  The  even  tem- 
perature box  already  described  cures  this  trouble  completely. 
When  this  box  has  been  at  a  constant  temperature  for  a  suffi- 
cient time,  the  definition  is  good  even  without  the  stirrer.  Even 
when  the  temperature  of  the  box  is  changing  quite  rapidly, 
good  definition  can  be  alwa3^s  secured  by  starting  the  stirrer. 

*  In  the  earlier  series  of  experiments  the  change  in  position  of  the  Na  lines 
was  very  closely  0-1  inch  for  one  degree  Fahrenheit.  In  the  later  series,  it  was 
almost  exactly  0*3  inch  for  one  degree  Centigrade.  The  results  of  the  two  series 
cannot  be  compared  together  owing  to  a  change  in  the  adjustment  of  the  appara- 
tus during  the  interval. 
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It  will  ever  be  a  source  of  profound  regret  to  the  many 
friends  of  Dr.  Henry  Draper  that  he  did  noi  live  to  complete 
the  research  to  which  the  foregoing  investigation  was  prelim- 
inary. With  his  new  and  admirably  equipped  laboratory,  and 
with  this  powerful  and  thoroughly  corrected  photographic 
spectroscope  at  his  command  as  one  of  its  first  fruits,  no  one 
can  doubt  that  he  would  have  secured  with  it  results  of  the 
highest  value  to  astronomical,  and  especially  to  solar,  physics. 


Art.  XXXVI. — The  Oenus  Pyrgulifera  Meekj  and  its  Associates 
and  Congeners;  by  Ohables  A.  White. 

Thk  molluscan  fauna  of  the  Laramie  Group  of  Western 
North  America  has  a  remarkable  uniformity  of  character 
throughout  its  known  geographical  extent,  from  Mexico  to 
British  America,  with  the  important  exqeption  of  a  region  lying 
in  Utah  and  Southwestern  Wyoming.  The  strata  of  this  region 
are  underlaid  and  overlaid  respectively  by  the  equivalents  of 
the  same  formations  which  underJie  and  overlie  other  parts 
of  the  Laramie  Group,  wherever  such  contacts  are  known. 
They  are  therefore  referred  to  the  Laramie  Group  although  they 
hold  a  different  molluscan  fauna  which,  in  my  publications,  I 
have  usually  designated  as  the  Bear  River  Laramie,  to  distin- 
guish it  from  the  fauna  of  the  greater  part  of  that  extensive 
group. 

This  Bear  Biver  Laramie  fauna  contains  not  only  types  of 
mollusca  which  are  not  found  in  that  of  the  principal  part  of 
the  Laramie  Group,  but  which  are  not  known  among  any  other 
North  American  fauna,  either  fossil  or  recent;  and,  what  is 
still  more  remarkable,  a  fauna  which  nearly  approaches  it,  as 
regards  the  types  referred  to,  is  now  living  in  Lake  Tangan- 
yika, Africa. 

The  molluscan  fauna  of  this  lake,  whose  waters  are  almost 
entirely  fresh,  has  been  published  by  Messrs.  S.  P.  Woodward,* 
Edgar   A.  Smith  f  and  H.  Crosse.J     Some  of  the  forms  are 

♦  Woodward,  S.  P.  On  some  new  Fresh-water  shells  from  Central  Africa. 
Pruc  Zool.  Soc.  Lond.,  1859,  pp.  348-350,  pi.  xlvii. 

t  Spiitb,  Edgar  A.  Diagnoses  of  new  shells  from  Lake  Tanganyika  and  East 
Africa.  Ann.  and  Mag.  Nat.  Hist.,  (5)  vr,  1880,  pp.  425-430.  On  the  shells  of  Lake 
Tanganyika  and  the  neighborhood  of  Ujijit  Central  Africa.  Proc.  Zool.  Soc.  Lond., 
IBSO,  pp.  344-352;  pi.  zxxi.  On  a  collection  of  shells  from  Lakes  Tanganyika 
and  Nyassa  and  other  localities  in  East  Africa.  Proc.  Zool.  Soc.  Lond.,  1881,  pp. 
27t>-300,  pi.  xxjdi-zzziv.  Description  of  two  new  Species  of  Shells  from  Lake 
Tanganyika.    Pro<'..  Zool.  Soc.  Lond.,  1881,  pp.  556-561 ;  two  wood-cuts. 

X  Crosse,  H.  Faune  malacolo^ique  du  Lac  Tanganyika.  Journal  de  Conch., 
Paris;  April.  1881,  pp.  105-139,  pi.  iv.  Supplement  i'la  Faune  malacologique  de 
Lac  Tanganyika.     Same  Journal^  October,  1881,  pp.  277-306. 
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like  those  which  characterize  fresh  waters  elsewhere,  such,  for 
example,  as  Unio,  Planorbis,  Limneea,  eic;  and  some  are  of 
peculiar  types  belonging  to  fresh- water  families,  which  types  are 
found  only  or  mainly  in  Africa.  But  a  remarkable  feature  of 
this  fauna  consists  in  a  few  types  which  are  so  closely  like  some 
that  are  characteristic  of  marine  faunas  as  to  suggest  that  they 
have  survived  the  gradual  freshening  of  the  lake  from  a  former 
condition  of  marine  saltness.  Two  species  of  one  of  the  generic 
forms  especially,  are  so  nearly  like  Trochis  that  if  they  were 
found  among  a  marine  fauna  would  doubtless  be  referred  to 
that  genus.  Mr.  Smith  has  described  these  as  belonging  to  a 
new  genus,  under  the  name  of  Limnotrochus.  Another  species 
which  has  much  the  aspect  of  a  marine  shell,  is  the  Melania 
{Sermyla)  admirabilis  of  Smith  ;  but  one  of  the  most  interesting 
generic  forms  of  this  Tanganyika  fauna  is  the  one  to  which  Mr. 
Smith  gave  the  subgeneric  name  of  Paramelania.  He  described 
two  species  under  this  name,  P.  Damoni  and  P.  crassiangulata  ; 
and  M.  Crosse  (loc.  cit.)  referred  an  associated  species,  the  Mela- 
nia nassa  of  Woodward,  to  the  same  generic  group.  These 
seemed  to  me  to  be  so  closely  like  the  Pyrgulifera  humerosa  of 
Meek,  from  the  Bear  River  Laramie  beds,  that  I  published  a 
note  in  Nature*  expressing  my  belief  that  the  African  and 
American  forms  are  congeneric;  and  I  afterward  republished 
that  opinion  with  illustrations  of  both  fossil  and  recent  forms.f 
In  my  article  in  Nature  I  also  called  attention  to  the  similarity 
of  Melania  (Sermyla)  admirabilis  Smith,  with  Goniobasis  Cle- 
burni  White.  I  might  also  have  mentioned  that  the  surface 
markings  about  the  beak  and  front  of  Uhio  Horei  Smith,  also 
from  Lake  Tanganyika,  are  considerably  like  those  of  U,  belli' 
plicatus  Meek,  of  the  Bear  River  Laramie  fauna.  It  thus  ap- 
pears that,  including  this  Unio^  there  are  three  moUuscan  types 
in  the  Laramie  Group  which  are  apparently  closely  related  to 
forms  now  living  in  Lake  Tanganyika.  The  most  conspicuous 
of  these  is  the  PurguUfera  of  Meek,  of  which  I  regard  the 
Paramelania  of  Smith  a  synonym. 

An  interesting  paper  has  lately  appeared  from  the  pen  of 
Dr.  Leopold  Tausch,±  in  which  he  also  places  the  three  Tan- 

i  to,  under  the  genus  Pyrgulifera  of 
ards  as  nearly  related  to  Paludomus 
mces  the  discovery  of  Meek's  type- 

lells.     Nature;  vol.  xxv,  1882,  pp.  101-102. 
lan  Forms  from  the  Laramie  and  Grreen  River 
le  associated  forms  heretofore  known.     Proc. 
iii.     A  Review  of  the  Non- Marine  Fossil  Mol- 
Lnn.  Rep.  Director  U.  S.  Geol.  Survey,  pp.  403- 

einige  Ck>nchylien  aus  dem  Tanganyika-See  und 
ler  k.  Akad.  der  Wissensch.,  Band  zc,  JuU,  1884, 
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species,  P.  kumerosaj  in  the  Upper  Cretaceous  fresh-water  de- 
posits of  Hungary ;  and  describes  as  new  four  other  species  of 
Pyrgulifera  which  he  finds  there  associated  with  it.  Besides 
these,  he  refers  the  Melanopsis  Pichleri  of  Hoernes,  the  M.  ar- 
mata  and  M.  lyra  of  Matheron,  and  the  Turbo  acinosus  of  Zekeli, 
all  from  the  Upper  Cretaceous  of  Europe,  to  Pyrgulifera.  Thug, 
according  to  Dr.  Tausch,  there  are  twelve  known  species  of  this 
genus,  nine  fossil  and  three  living  ;  the  latter  in  Africa  exclu- 
sively; the  type-species  only,  in  North  America;  and  nine  in 
Europe,  including  the  identified  type-species  there. 

Some  doubt  may  be  naturally  felt  as  to  the  genuineness  of  the 
identification  of  Pyrgulifera  among  the  living  African  fauna, 
as  well  as  that  of  P.  humerosa  in  the  Hungarian  Upper  Creta- 
ceous ;  but  the  identification  of  both  seems  to  be  as  complete 
as  such  determinations  can  usually  be  made  by  means  of  the 
shells  alone.  If  it  is  permissible  to  establish  genera  and  species 
among  fossil  shells  at  all,  we  are  entitled  to  hold  those  genera 
and  species  against  anything  except  proof  of  error  in  diagnosis. 

Admitting  these  identifications  to  be  correct,  the  geographical 
distribution  and  chronological  range  of  these  shells  are  quite  re- 
markable. They  appear  to  have  all  been  denizens  of  fresh,  or 
at  most,  brackish  waters,  the  geographical  range  of  the  faunas 
of  which  seems  necessarily  to  be  more  restricted  than  that  of 
marine  faunas  may  be.  Their  distribution  is  all  the  more  re- 
markable if  Dr.  Tausch's  identification  of  Pyrgulifera  humerosa 
in  Hungarian  strata  is  correct  The  genuineness  of  the  generic 
identification  of  Pyrgulifera  in  the  American  and  European  fos-. 
sil,  and  the  African  living,  faunas  respectively,  receives  support 
from  the  fact  that  in  each  case  some  of  the  associated  forms  are 
similar.  I  have  already  mentioned  the  close  similarity  between 
Ooniobaais  Clehurni  of  the  Laramie  Group,  and  Melania  {Sermyla) 
admirabilis  of  the  Tanganyika  fauna.  Dr.  Tausch  also  calls  at- 
tention to  the  existence  of  Fascinella  Stache  in  the  Upper  Creta- 
ceous of  Hungary,  and  shows  that  the  Hungarian  fossil  shell  is 
closely  like  the  one  living  in  Lake  Tanganyika  which  Smith  has 
described  under  the  name  of  Syrnohpsis  lacustris. 

In  North  Americsi,  Pyrgulifera  humerosa  and  its  branchifer- 
ous  associates  appear  to  have  been  both  geographically  and 
chronologically  restricted.  In  fact  we  yet  know  nothing  of  the 
previous,  subsequent  or  contemporary  history  of  the  Bear  River 
Laramie  fauna ;  for  its  distinguishing  types  are  not  found  either 
living,  or  in  Tertiary  strata  and,  as  before  remarked,  they  did 
not  extend  into  the  principal  portion  of  the  Laramie  Group. 

The  cause  of  this  marked  diflFerence  between  the  faunas  of 
the  two  portions  of  the  Laramie  Group  I  suppose  to  have  been 
connected  with  their  origin  and  development  in  two  separate 
bydrographic  basins,    which    probably  existed  contemporane- 
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ously,  but  separated  from  each  other  by  a  land  barrier.  I  have 
suggested  (loc.  cit.)  that  the  moiluscan  fauna  of  the  greater  part 
of  the  Laramie  Group  has  descended  to  the  present  time  through 
a  perpetuation  of  the  outlet  drainage  of  the  Laramie  sea,  now  be- 
come a  part  of  the  Mississippi  river  system  where  a  large  part  of 
the  same  types  still  live.  The  types  of  the  Bear  River  Laramie 
fauna  have  not,  as  a  rule,  survived  in  North  America.  This  I 
have  thought  was  probably  due  to  a  failure  of  the  outlet  drain- 
age of  the  waters  in  which  that  fauna  lived  to  become  perpet- 
uated, in  consequence  of  some  subsequent  geological  cnanges, 
which  necessarily  destroyed  its  branchiferous  fauna,  with  its 
peculiar  types. 

If  we  accept  such  views  as  this  and  still  admit  the  real  gene- 
tic relationship  of  the  American,  European  and  African  forms 
which  have  been  referred  to,  it  is  difficult  to  understand  how 
their  wide  geographical  distribution  has  been  effected,  and  how 
they  have  been  perpetuated  to  the  present  time.  An  interesting 
question  for  paleontologists  to  consider  also  presents  itself  in 
this  connection,  which  relates  to  the  assumed  equivalency  of 
formations  which  bear  similar  faunas.  Tbere  are  other  reasons 
than  tiie  similarity  of  faunas  why  we  should  regard  the  Ameri- 
can and  Hungarian  formations  which  contain  Pyrgulifera  as  of 
approximately  the  same  geological  age.  But  so  far  as  the  Tan- 
ganyika shells  which  resemble  the  fossil  forme  referred  to  are 
concerned,  the  living  fauna  of  that  lake  has  an  interesting 
homotaxial  relationship  with  those  fossil  faunas  of  Europe  and 
America  which  contain  the  shells  that  have  been  referred  to  the 
genus  Pyrgulifera. 


Art.  XXXVII.  —  On  the  occurrence  of  Native  Mercury  in  the 
Alluvium  in  Louisiana;   by   Ernest  Wilkinson,  Ensign 

U.S.  Navy. 

Native  mercury  has  been  recently  discovered  in  a  locality 
where  its  presence  has  hitherto  been  unsuspected.  At  "  Cedar 
Grove"  Plantation,  in  Jefferson  Parish,  Louisiana,  on  the  west 
bank  of  the  Mississippi,  ten  miles  above  New  Orleans,  native 
mercury  occurs  in  small  globules  disseminated  through  the 
alluvial  soil.  These  globules  vary  in  size  from  a  microscopic 
pellet  to  a  BB  shot,  used  for  sporting  purposes.  They  seem 
to  be  thoroughly  admixed  in  the  soil,  and  although  more 
abundant  within  a  limited  area,  are  found  for  a  distance  of 
1,200  feet.  Beyond  this  distance,  the  limited  time  at  my  dis- 
posal did  not  allow  me  to  investigate,  but  the  appearance  of 
the  soil  seems  to  indicate  that  the  metal  is  gatherea  around   a 
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certain  center  and  gradually  disappears  as  t*he  distance  from 
this  center  increases. 

The  apparent  center  lies  about  300  feet  from  the  Mississippi 
Kiver  in  an  orange  orchard,  where  also  a  number  of  live  oaks 
are  in  luxuriant  growth.  The  presence  of  this  mercury  has 
been  noticed  for  a  number  of  years,  during  the  operations  of 
plowing  and  ditching,  but  has  never,  to  the  writer*s  knowledge, 
been  officially  reported  to  the  scientific  world. 

The  writer  took  two  negro  men,  with  spades,  to  the  locality 
and  obtained  several  specimens  of  the  soil  one  to  five  feet  below 
the  surface.  He  also  washed  out  on  the  spot,  from  a  small 
wash-tub  full  of  earth,  about  two  or  three  ounces  of  the  native 
element.  An  analysis  of  two  triturated  specimens  of  the  half- 
dried  earth  was  made  with  the  following  results : 


1.  Weight  of  soil, 

600  grms. 

Wt  Hg, 

1*4662  grms. 

Jf0  0029-f- 

2.       " 

500      " 

.t 

1-4687     " 

0-0029  + 

Total, 

1  kilogram. 

Total, 

2-9339            mean, 

JfO-002934 

Giving  a  mean  percentage  of  mercury  of  0*002934  per  cent* 
The  soil  is  all  alluvial  and  for  a  depth  of  25  feet  is  as  fol- 
lows : — 

1.  Surface,  mercury -bearing  stratum,  six  feet  thick.  A  sandy 
soil  containing  olue  clay  and  vegetable  mould. 

2.  Stratum  of  blue  clay  6^  feet  thick. 

8.  Similar  stratum  to  surface,  but  containing  no  mercury, 
six  feet  thick. 

4.  Stratum  of  blue  clay  6^+  feet  thick. 

It  is  not  known  how  much  deeper  the  fourth  stratum 
extends.  In  none  but  the  upper  stratum  of  alluvial  soil  does 
mercury  occur  in  sufficient  quantity  to  be  perceptible  to  the 
naked  eye. 

The  large  quantity  of  mercury,  the  great  area  over  which  it 
is  scattered,  the  situation  above  the  most  frequented  resort  of 
commerce,  the  protection  from  overflowing  by  levees,  and  the 
absence  of  any  appearance  or  history  of  any  large  cargo  of 
mercury  being  wrecked  in  that  vicinity,  make  it  extremely  im- 
probable that  such  results  could  have  been  eflFected  by  the 
agency  of  man. 
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Art.  XXXVIIL— 7A<5  Earthquakes  in  Spain;  by  0.  G. 
Rookwojjd,  Jr. 

The  series  of  earthquakes  which  has  recently  devastated  the 
southern  part  of  Spain,  began  with  a  disastrous  shock  at  8^  53" 
p.  M.,  on  December  25,  1884. 

It  had  been  preceded  by  a  light,  but  somewhat  widely  ex- 
tended shock  in  the  early  morning  of  December  22,  which  was 
felt  on  the  northwest  coast  of  Spain  and  in  Portugal,  and 
reached  so  far  under  the  Atlantic  Ocean  as  to  affect  Madeira 
and  the  Azores.  The  shock  of  December  25,  has  also  been 
followed  by  a  long  series  of  oscillations,  repeated  at  first  sev- 
eral times  a  day,  during  the  rest  of  December,  and  with  grad- 
ually diminishing  frequency  through  the  months  of  January 
and  February,  1886. 

The  shock  on  the  evening  of  Christmas  day,  much  the  most 
violent  of  the  series,  caused  great  loss  of  life  and  destruction  of 
property.  Its  influence  was  plainly  felt  as  far  north  as  Madrid, 
where  bells  were  rung  and  clocks  stopped,  and  very  slightly 
also  in  England ;  but  it  was  in  the  southern  provinces  of 
Spain,  bordering  on  the  Mediterranean  Sea,  that  the  greatest 
damage  occurred.  In  Cadiz,  Seville,  Cordova,  Jaen,  and 
Almeria  it  was  strongly  felt,  although  causing  no  very  serious 
damage  in  these  places;  but  within  the  area  defined  by  this 
chain  of  cities  and  the  Mediterranean  Sea,  many  towns  and 
villages  were  left  in  a  more  or  less  ruined  condition.  In 
Granada,  of  the  10,000  houses  composing  the  city,  at  least 
7,000  will  need  repairs.  The  fa§ade  of  the  cathedral  was 
injured.  The  inhabitants  left  their  homes  by  thousands,  and 
either  camped  for  days  in  the  open  fields  or  emigrated  from 
the  city  entirely.  The  famous  Alhambra  fortunately  escaped 
injury.  The  villages  of  Arenas  del  Rey,  Albufluelas,  Santa 
Cruz,  Zaffaraya,  and  Alhama  were  destroyed.  The  latter 
place  was  built  partly  upon  and  partly  at  the  foot  of  a  hlutt, 
and  the  upper  town  was  shaken  down  upon  the  lower,  over- 
whelming 1000  houses  and  850  of  the  inhabitants.  Here  also 
the  hot  springs  ceased  to  flow,  and  after  two  days  began  again 
with  increased  quantity  and  augmented  temperature,  the  waters 
also  having  acquired  a  sulphurous  character  which  they  had 
not  before  possessed. 

In  Malaga  all  the  public  buildings  were  more  or  less  injured. 
At  Estepona  a  church  and  buildings  were  thrown  down.  At 
Torrox  twenty -six  shocks  occurred  between  8'  60"  P.  M.  of  the 
25th  and  IP  A.  M.  of  the  26th,  completely  destroying  the  town. 
At  Nerja  the  first  shocks  were  followed  by  a  hurricane  which 
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blew  down  many  of  the  already  weakened  houses.  At  Almu- 
fiecar  twelve  shocks  occurred  in  fifteen  minutes.  At  Periana, 
a  landslip  overwhelmed  a  large  part  of  the  town,  destroying  a 
church  and  750  houses.  At  Quevejar,  a  great  semi-circular 
crevasse  has  surrounded  the  town  on  its  upper  side  and  the 
village,  which  rests  on  clay  strata,  is  slowly  sliding  downward 
to  the  bed  of  the  river  Cogollos,  some  of  the  houses  having 
already  moved  27  meters  up  to  January  16. 

The  provinces  of  Granada  and  Malaga  liave  thus  been  the 
scene  of  the  greatest  destruction;  Official  reports  up  to  Janu- 
ary 14,  state  the  number  of  persons  injured  in  Granada  as  695 
killed  and  1480  wounded.  Other  accounts  estimate  the  entire 
loss  of  life  as  upwards  of  2000.  Thirty-five  villages  are  named 
where  a  greater  or  less  number  of  victims  were  taken  from  the 
ruins. 

As  bearing  on  the  possible  connection  of  earthquakes  with 
atmospheric  phenomena  it  is  noted  that  an  unusually  high 
atmospheric  pressure  prevailed  over  the  Spanish  peninsula 
during  the  first-half  ot  December,  while  on  Becember  20,  a 
heavy  storm,  attended  by  unusual  depression  of  the  barometer, 
struck  the  northern  coast,  and  passing  southward,  reached  the 
Mediterranean  Sea  on  December  22,  just  previous  to  the  great 
earthquake. 

The  geological  relations  of  this  earthquake  may  be  seen  from 
the  following  extract  from  remarks  of  Mr.  J.  MacPherson  to 
the  Spanish  Natural  History  Society,  reported  in  Nature  (vol. 
xxxi,  p.  278). 

"  A  study  of  the  Mediterranean  watershed  of  Andalusia  will 

show  the  existence  of  two  great  mountain  masses,  chiefly  formed 

of  archaic  deposits.     One   of  these   is  known  by  the  name  of 

the  SeiTania  de  Ronda,  and  the  other  by  that  of  the  Sierra 

Nevada.     Both  run  in  a  series  of  folds  and  faults  from  southwest 

to  northeast,  and  between  them  there  lies  an  interval  filled  up 

with  palsBozoic,  secondary  and  tertiary  deposits.      Toward  the 

middle  of  this  interval  there  rises  up  like  an  island  in  the  midst 

I  of  these  later  deposits,  a  series  of  ridges  running  from  northwest 

I  to  southeast,  ana  formed  of  archaic  rocks.     They  are  known  by 

!  names  of  the  Sierra  Tejea  and  Sierra  Almijara,  and  the  folds  of 

I  these  ranges,  as  in  the  case  of  the  other  archaic  formations,  run 

from  southwest  to  northeast.     It  is  clear,   therefore,  that  this 

I  intermediary  mountain  mass  is  a  segment  of  a  more  considerable 

archaic  formation,  separated  from  adjacent  rocks  through  the 

subsidence  of  the  ground   on  both  sides.     Owing   to  constant 

oscillations,  this  detached   portion  has   been  covered  with  th« 

thick  mantle  of  sediment  which  now  overlies  it,  and  its  structure 

is  easily  accounted  for  as  the  result  of  that  great  fracture  which 

crosses  the  peninsula  from  northwest  to  southeast,  and  in  the 

prolongation  of  which  lies  the  region  now  described 


Digitized  by 


Google 


284  J,  M.  Clarke — Devonicm  Spores. 

"...  The  most  violent  flhocks  of  the  earthquake  of  December 
26,  were  experienced  in  the  region  intei-vening  between  the  Sierra 
Nevada  and  the  Serrania  de  Ronda,  and  precisely  on  the  very 
belt  which  enclosed  the  archaic  mass  of  the  Sierras  Tejea  and 
Almijara.  That  part  of  Andalusia,  broken  and  torn  by  the  secu- 
lar disturbances  of  our  globe,  has  proved  naturally  the  weakest, 
and  has,  therefore,  been  the  most  exposed  to  the  shocks  fropi 
which  Andalusia  has  ho  terribly  suffered." 

The  Spanish  government  has  appointed  a  commission,  under 
the  presidency  of  Sr.  D.  Manuel  Fernandez  de  Castro,  to  study 
the  phenomena  of  this  series  of  earthquakes ;  and  the  Paris 
Academy  of  Sciences  has  also  sent  out  a  commission  on  a 
similar  errand,  under  the  lead  of  M.  Fouqu6,  Professor  of 
Geology  in  the  Coll6ge  de  France.  The  former  has  already 
issued  an  exhaustive  list  of  questions,  and  most  interesting  anS 
valuable  results  may  be  expected  from  the  labors  of  these  com- 
missions. 

Princeton,  N.  J.,  March  6,  1886. 


Art.  XXXIX. — On  Devonian  Spores;  by  J.  M.  Clarke. 

The  name  SporangiUs  Huronensis  was  proposed  by  Sir  J.  W. 
Dawson  in  this  Journal,  April,  1871,  p.  257,  for  minute,  flat- 
tened, disc-like  bodies  occurring  in  abundance  in  the  bitumi- 
nous shales  of  Kettle  Point,  Lake  Huron,  rocks  then  regarded 
by  Dr.  Dawson  of  the  age  of  the  Marcellus  epoch  of  New  York, 
but  referred  to  the  *' Upper  Devonian"  by  Orton  (this  Journal, 
1882,  vol.  xxiv,  p.  174).  These  bodies  were  looked  upon  as 
spores  or  spore-cases  of  terrestrial  acrogens,  and  this  name  has 
been  applied  to  all  such  spore-like  bodies  wherever  noticed  in 
the  Devonian  rocks  of  North  America. 

Professor  Edward  Orton  has  noticed  the  occurrence  of  the 
same  in  the  Devonian  and  Sub-carboniferous  rocks  of  Ohio 
("A  Source  of  the  Bituminous  Matter  in  the  Devonian  and 
Sub-carboniferous  Black  Shales  of  Ohio,"  loa  cit,  p.  171). 

Professor  H.  S.  Williams  reports  similar  bodies  from  the 
Hamilton  Shales  of  New  York  (quoted  by  Dawson,  Proc.  Am. 
Ass.  Adv.  Sci.,  1883,  "On  Rhizocarps  in  the  Palaeozoic  Period.") 
They  are  also  found  to  be  common  in  the  black  shales  of  the 
Marcellus  and  Grenesee  epochs  in  Ontario  and  adjoining  coun- 
ties of  New  York. 

Dr.  Dawson,  in  1871  (op.  cit.),  suggested  that  these  bodies 
were  the  fruit  of  Lepidodendron,  possibly  of  the  species  L, 
Gaspianum  and  L.  VeUheimianum,  which  occur  at  the  same 
horizon.     Professor  Williams's  specimens  were  associated  with 
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the  plant  PlUophyton  Vanuxemii.  Dr.  Dawson  also  mentions 
^^  rounded  spore-like  bodies  in  association  with  the  stems  of 
Trochophyllum  of  Lesquereux,  from  the  lower  Carboniferous 
of  Pennsylvania."  In  the  Marcellus  beds  of  Ontario  county 
they  occur  with  Psilophyton  sp.,  and  in  the  Genesee  Shales 
with  Cyclostigma  affine  Dn.  and  Lepidodendron  Oaspianum  Dn. 
From  my  observations,  however,  plant  remains  in  rocks  ton- 
taining  Sporangites  Huronensis  are  extremely  rare,  the  fossils 
Qsaally  accompanying  them  being  invertebrate  marine  species. 

At  the  Minneapolis  meeting  of  the  A.  A.  A.  S.,  1^883,  Dr. 
Dawson,  in  the  article  already  referred  to,  viz:  **  On  Rhizocarps 
in  the  PalaBozoic  Period,"  suggested  the  probability  of  the  spores 
or  spore-cases  representing  the  species  Sporangiies  Huronensis^ 
having  been  the  fruit  of  some  acrogenous  plant  of  aquatic 
habit  allied  to  the  Salvinia  ncUans  of  European  rivers,  and 
following  this  described  forms  accompanied  and  contained  by 
fipore-cases,  for  which  was  erected  the  provisional  genus 
Protosalmnia  with  two  species,  P.  Braziliensis  and  P.  bUobata. 

These  species  were  found  in  material  collected  by  Mr.  Orville 
Derby,  of  the  Geological  Survey  of  Brazil,  and  are  reported  to 
be  associated  with  the  fucoid  plant  Spirophyton. 

The  reasons  for  the  new  interpretation  of  the  relations  of  these 
bodies  were  (1)  the  occurrence  of  aquatic  invertebrate  fossils 
more  or  less  abundantly  in  beds  containing  spores;  (2)  the 
existence  of  sporocarps  containing  spores  and  their  close 
similarity  to  those  of  the  existing  Rhizocarps  represented  by 
Salvinia  natans  and  othera 

Of  the  vegetative  portions  of  the  plants  producing  these 
spores  nothing  is  positively  known.  Dr.  Dawson  has  given 
reasons  for  believing  the  species  of  Ptilophyton  to  have  been 
aquatic  in  habit,  and  allied  in  fructification  to  the  Rhizocarps. 

Daring  a  series  of  years  many  specimens  of  Devonian  rocks 
bearing  spores  have  come  into  my  hands  from  the  Oorniferous, 
Marcellus  and  Genesee  horizons  in  the  county  of  Ontario,  N.  Y. 
Iq  the  bituminous  shales  of  the  Marcellus  and  Genesee  these 
are  usually  flattened,  similar  in  mode  of  preservation  to  the 
specimens  described  by  Orton  from  Kingsville,  Ashtabula 
county,  Ohio,  and  by  Dawson  from  Kettle  Point  The  calca- 
reous beds  of  the  Oorniferous  and  Marcellus  preserve  the 
fipores  with  but  little  or  no  distortion,  and  specimens  recently 
discovered  in  the  latter  horizon  retain  both  macrospores  and 
microspores,  free  and  scattered,  or  within  their  sporocarps, 
conserving  also  the  structure  of  both  sporocarps  and  spores  in 
a  favorable  condition.  I  have  prepared  this  brief  paper  in 
order  to  show  the  structure  of  these  bodies,  and  for  present 

Am.  Joua.  Sci.— Third  Ssriis,  Tol.  XXIX,  No.  172.— April,  1885. 
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purposes  they  may  be  divided   into  flattened  and  unflatteiied 
spores,  as  only  the  latter  show  traces  of  structure. 

Flattbnkd  Spobes. — Sporangites  JETuronensis  Dawson. 

In  the  Genesee  rocks  the  spores,  as  far  as  observed,  are 
al\wiys  in  this  condition,  but  are  not  common.  The  bitumi- 
nous shales  of  the  Marcellus  are  often  crowded  with  masses  of 
spores  of  the  same  size  and  appearance  as  those  of  the  Genesee. 
In  their  flattened  condition  they  measure  about  one-third  of  a 
millimeter  across,  in  substance  consisting  of  a  thin  black 
carbonaceous  film,  which,  by  transmitted  light,  is  of  a  deep 
orange  hue.  Specimens  from  Ohio,  kindly  sent  me  by  Pro- 
fessor Orton,  are  similar  in  shape  but  somewhat  lai^er  and  of  a 
light  amber  yellow.  Dawson's  specimens  from  Kettle  Point 
were  also  of  a  light  yellow.  These  bodies,  as  well  as  those 
belonging  to  the  first  two  of  the  subdivision  following,  1 
should  regard  as  macrospores  and  not  as  sporocarpa 

IJnflattbnbd  Sporbs. 

These  divide  themselves  into  three  groups. 

1.  Sporangites  JETuronensis  Dawson. 

Occur  in  the  Marcellus  Shales  in  association  with  the  flattened 
spores  mentioned  above.  External  coat  thin,  black,  showing 
no  structure.  Interior  filled  with  clear  crystalline  calcite, 
which,  in  the  thin  slices,  shows  strikingly  against  the  black 
background  of  bituminous  mud.  These  are  very  abundant  in 
certain  localities,  markedly  so  in  the  loose  bowlders  of  the 
Marcellus  shaly  limestones  scattered  through  the  towns  of 
Canandaigua  and  East  Bloomfield,  and  especially  common  in 
the  Woodlawn  Cemetery  in  the  former  place.  At  but  one 
spot,  viz :  Padelford*s,  in  the  township  of  Canandaigua,  on  the 
is.  Y.  C.  R.  R.,  have  rocks  been  found  in  situ  which  bear  these 
spores,  and  there  only  sparsely.  With  them  occur  the  fos- 
sils, Leiorhynchus  h'mitaris  Vanux.,  Chonetes  mucronata  H.,  Pro- 
ductella  truyicaia  H.,  Leiopieria  laevis  H.  (Goldfs.  ?),  the  charac- 
teristic invertebrate  fossils  of  these  rocks,  and  the  only  plant 
known  here  is  Psilophyton. 

2.  Sporangites  Huronensis  f 

In  the  loose  bowlders  from  the  Corn iferous  limestone  on  Mud 
Creek  in  the  town  of  East  Bloomfield,  occur  spores  which  pre- 
serve a  thick  dense  outer  coating  not  resolvable  into  distinct 
cells.  In  the  slices  this  external  wall  seems  densest  at  the 
periphery  and  on  the  interior  surface,  on  both  surfaces  limited 
by  a  black  carbonaceous  lina     Between  the  two  surfaces  the 
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sabstance  is  compact  and  has  a  granular  appearance.  The 
external  wall  has  one  third  the  thickness  of  the  spore.  The 
interior  cavity  is  filled  with  crystalline  calcite.  In  association 
with  these  are  many  somewhat  smaller  and  often  slightly 
flattened  spores,  from  which  most  of  the  external  wall  has  been 
removed,  leaving  only  a  single  thin  carbonaceous  layer.  Many 
of  these  forms,  which  seep  to  have  lost  most  of  the  external 
wall,  show,  in  the  interior  filling  of  calcite,  splotches  or 
filaments  of  bituminous  matter,  remnants  of  the  organic  sub- 
stance with  which  the  cavity  was  originally  filled,  usually  at 
a  nucleus-like  spot  at  or  near  the  center,  the  calcite  has,  in 
crystallizing,  oriented  itself  differently  from  that  of  the  sur- 
rounding space,  which  leaves  the  impression  that  this  spot  may 
represent  the  original  internal  cavity  of  the  spore.  These  bodies 
measure  from  one-third  to  one-half  a  millimeter  in  diameter,  and 
are  all  macrospores.  No  microspores  have  been  found  and  no 
satisfactory  evidence  as  yet  of  sporocarps. 

3.  Sporangitea  {Protosalvinia)  bilobata  Dawson,  1883. 

'*  Sporocarps,  oval  or  reniform,  three  millimeters  to  six 
millimeters  in  diameter,  each  showing  two  rounded  promi- 
nences at  the  ends,  with  a  depression  in  the  middle,  and  some- 
times a  raised  neck  or  isthmus  at  one  side  connecting  the 
prominences.  Some  of  the  specimens  indicate  that  each 
prominence  or  tubercle  contained  several  macrosporea  At 
first  sight  it  would  be  easy  to  mistake  these  bodies  for  valves 
of  Beyrichiay — Dawson,  op,  ciL 

From  an  examination  of  scores  of  slices  of  the  rock  contain- 
ing these  bodies,  I  find  that  they  occur  alone,  that  is  unmixed, 
with  the  forms  already  described,  and  as  far  as  observed,  with- 
out other  fossils. 

Sporocarps. — ^These  measure  from  two-thirds  to  one  millimeter 
in  greatest  diameter,  being  thus  considerably  smaller  than  Dr. 
Dawson's  specimens.  In  general  contour  and  outline  they  are  so 
strongly  suggestive  of  Beyrichia  or  Primitia  as  certainly  to 
mislead  in  macroscopic  characters. 

A  single  deep  pit  situated  usually  medially  and  slightly  to 
one  side  divides  the  body  into  two  prominences,  which  are 
slightly  unequal.  The  larger  of  these  may  have  on  one  side  u 
smaller  and  shallower  depression,  making  thus  the  number 
of  prominences  sometimes  three.  As  far  as  observed,  opposite 
sides  are  symmetrical  in  the  number  and  position  of  the  tuber- 
cles, and  they  seem  to  correspond  to  the  macrospores  contained 
within. 

The  substance  of  the  sporocarps  is  carbonaceous,  made  up  of 
minute,  densely  set,  hexagonal  cells,  which,  on  the  surface, 
appear    as    hexagonal   pittings  and  in   section  as  transverse 
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vertical  bars.  The  rock  shows  as  many  empty  spore  cases  as 
filled,  and  dehiscence  seems  to  have  taken  place,  along  a  line 
which  would  compare  to  the  "hinge"  of  a  Beyrichia.  The 
sporocarps  (in  section)  contain  usually  two  macrospores,  some- 
times three,  and  rarely  four  or  more.  Dr.  Dawson  has  not 
noted  the  cellular  structure  in  his  characterization  of  this 
species,  but  has  mentioned  it  as  a  feature  of  his  species,  Sp. 
{Protosalvinia)  Brnzilienais. 


o 


5 


\% 


Macrospores, — Usually  free  and  so  abundant  as  to  make  up 
the  principal  portion  of  the  rock.  In  form  spherical  or  ovoid, 
in  size  varying  from  one-fourth  to  one-half  a  millimeter  in 
diameter.  The  surface  is  slightly  papillose,  wall  thick  and 
made  up  of  radiating  vertical  fibers.  These  are  sometimes 
seen  to  extend  to  the  center  (probably  where  the  section  docs 
not  pass  the  axis  of  the  spore),  but  usually  there  is  a  vacant 
space  about  the  center  filled  with  crystalline  calcite.  This 
structure  suggests  that  of  the  bodies  known  as  Aetheoiesta 
Brongniart.      The    radiating  fibres    are   equally  marked   in 
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both.  My  specimens  lack,  however,  the  granular  nucleus  of 
Aetheotesta  and  are  very  much  smaller.  In  a  few  individuals 
I  have  noticed  what  appears  to  be  a  tubular  opening  through 
the  wall  of  the  spore  into  the  interior  cavity. 

Microspores, — ^Less  abundant  than  the  macrospores  are  minute 
bodies  associated  with  them  and  measuring  from  one-eighth  to 
one-twentieth  millimeter  in  diameter.  These  are  round  or  ir- 
regularly oval  in  section,  enveloped  by  a  carbonaceous  coat, 
but  showing  no  structure.  I  have  found  no  cases  containing 
them,  though  it  may  be  that  some  of  the  empty  cases  to  be 
found  originally  enclosed  them.  These  microspores  do  not, 
however,  seem  to  be  mixed  indefinitely  with  the  macrospores, 
but  are  generally  in  little  clusters  or  masses  by  themselves. 

These  bodies  are  known  as  yet  only  from  bowlders  of 
Marcellus  age,  which  are  found  in  the  township  of  Hopewell, 
N.  Y.  Notwithstanding  the  great  difference  in  the  size  of 
these  sporocarps  and  those  of  Protasalvinia  bilobata  the  close 
agreement  in  more  essential  features  will  justify  our  regarding 
these  as  the  North  American  representatives  of  the  Brazilian 
type 


Explanation  of  Figitbes. 

1.  Sporangitea  Bwonensis  Dawson. — Preierring  a  thin  carbonaceous  outer 
wall  and  filled  with  caldte.  Enlarged  10  diameters.  From  the  Marcellus  shales, 
Canandaigua,  N.  Y. 

2.  SparangUeB  ^tronensist  Dawson. — Showing  the  dense  wall  with  thicker 
exterior  and  interior  layers.  Interior  filled  with  calcite.  Enlarged  20  diameters. 
From  the  Gomifcrons  Limestone,  Mud  Creek,  Ontario  county. 

3.  Section  of  the  same  enlarged  to  show  the  structure. 

4.  A  somewhat  flattened  individual  of  the  same,  preserving  only  the  dense 
exterior  layer,  and  a  carbonaceous  mass  at  the  center.  This  is  the  usual  condi- 
tion of  preservation  when  a  portion  of  the  wall  has  been  removed.  Enlarged  20 
diameters. 

5.  An  individual  of  the  same,  showing  the  nucleus-like  crystallization  of  calcite 
in  what  may  have  been  the  original  interior  cavity.     Enlarged  20  diameters. 

6.  SporangUes  (Protnaalvinia)  bilobata  Dawson. — A  sporocarp  containing  four 
macrospores  and  showing  traces  of  two  more.  The  structure  of  the  sporocarp  is 
not  well  preserved.  Enlarged  20  diameters.  From  the  calcareous  layers  of  the 
Maroellns  epoch,  in  the  town  of  Hopewell,  Ontario  county. 

7.  A  sporocarp  of  the  same,  showing  its  structure  and  containing  three  macro- 
spores.   Enlarged  20  diameters. 

8.  The  same,  with  two  macrospores.    Enlarged  20  diameters. 

9.  The  same,  with  but  one  macrospore.  Such  forms  as  this  may  be  cross- 
sections  of  sporocarps  containing  more  than  a  single  spore.  Enlarged  20 
diameters. 

10.  A  similar  section,  showing  a  dehiscent  sporocarp.    Enlarged  20  diameters. 

11.  A  macrospore  somewhat  compressed  and  showing  an  apparent  opening  to 
the  interior  cavity.    Enlarged  20  diameters. 

12.  A  section  of  a  macrospore  enlarged  to  show  the  structure. 

13.  Microspores  of  this  species.    Enlarged  20  diameters. 
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Art.  XL. — Denvdalion  of  the  two  Americas  ;^  by  T.  Mellard 
Reade,  C.E.,  P.G.S. 

Introduction. 

When  in  1876  I  had  the  honor  to  deliver  a  Presideniial 
address  to  this  Society  I  chose  as  its  subject  matter  '^  Geologi- 
cal Time,"  1  then  had  the  pleasure  to  lay  before  you  some  cal- 
culations relating  to  '*  Chemical  Denudation"  which  at  the  time 
{>ossessed  some  little  novelty.  Since  the  information  was  pub- 
ished,  it  has  to  a  certain  extent  been  incorporated  with  geolog- 
ical literature.  The  subject  was,  however,  far  from  being 
exhausted,  nor  is  it  likely  to  be  so  for  many  years  yet  to 
come. 

In  the  meantime,  having  accumulated  additional  facts,  it  will 
be  part  of  the  object  of  this  address  to  arrange  and  analyze 
them,  so  as  to  check  the  original  generalizations  and  farther  to 
illustrate  the  value  in  geological  speculation  of  an  accurate 
knowledge  of  the  relative  magnitude  of  the  various  objects  and 
things  dealt  with. 

My  former  calculations  dealt  almost  exclusively  with  the 
amount  of  matter  annually  removed  in  river  water  from  the 
surface  of  England  and  Wales,  and  from  some  of  the  river 
basins  of  Europe.  I  now  propose  laying  before  you  calcula- 
tions of  a  similar  nature  relating  to  some  of  the  larger  rivers  of 
the  two  Americas.  This  done  we  shall  be  able  to  take  a  wider 
survey  of  the  subject,  and  to  ascertain  how  far  the  provisional 
generalizations  to  which  previous  investigations  led  are  con- 
firmed or  otherwise  by  the  greater  experience  since  gained. 

The  Mississippi. 

First  then  we  will  see  what  the  Father  of  Waters,  the  Missis- 
sippi, tells  us.  I  may  observe  that  for  a  long  while  I  found 
great  diflSculty  in  obtaining  answers  to  my  various  (question- 
ings. Years  elapsed  and  letters  innumerable  were  written  be- 
fore I  could  alight  upon  any  analyses  of  the  waters  of  the  Mis- 
sissippi, reliable  or  otherwisa  At  last  through  the  kindness  of 
Prof.  J.  W.  Spencer,  of  the  State  University  of  Missouri,  I  was 
supplied  with  the  following  analysis : 

Analysis  of  Mississippi  water  near  Carrol  ton,  a  few  miles 
above  iJew  Orleans  :\ 

*  Substance  of  PresideDtial  Address  to  the  Liverpool  Geological  Society,  Seadon 
]  884-5.    Oommunicated  by  the  author, 
t  Avequin,  Journ.  Pharm.  [3J,  xxxvii,  p.  258,  1857. 
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In  a  Oalloit  (66,000  gbaxks). 

Potash  sulphate, )  Grains, 

"       chloride,  J- 3*164 

Galdum  chloride, 

Silica 2-465 

Alumioa, 1*763 


Magnesium    "         \ *^'^^*^ 


Calcium  carbonate, 

Magnesium    " 

Organic  matter, 0*818 

Total  solid  residue, 15-487 

According  to  this  analysis  the  proportion  of  total  solids  in 
solution  is  by  weight  rvVr*  ^^  ^^  ^^®  ^^^  mean  annual  dis- 
charge of  the  Mississippi  at  541,666,666,666  tons*  in  round  lig- 
Qres,  there  are  150  ofiillion  tons  of  solids  in  solution  per  annum 
poared  into  the  Gulf  of  Mexico  by  the  Mississippi,  a  truly  re- 
markable quantity,  which  if  reduced  to  rock  at  16  feet  to  the 
ton  is  represented  in  round  numbers  by  80  square  miles,  1  foot 
thick.  According  to  Messrs.  Humphreys  and  Abbot  the  pro- 
portion of  sedimentary  matter  to  the  water  by  weight  is  ^Vp- 
and  the  total  discharge  of  matters  in  suspension  excluding  the 
three  outlet  bayous  is  according  to  them  862,728,214  tons. 

The  amount  of  matters  in  solution  vary  within  certain  limits 
in  river  water  according  to  the  time  the  samples  are  taken. 
'  There  are  in  some  rivers,  the  Nile  for  instance,  seasonal  vari- 
ations, and  doubtless  a  river  with  many  affluents,  traversing 
strata  of  variQUS  degrees  of  solubility,  must  vary  in  the  chemi- 
cal composition  of  its  waters  according  as  the  flood  may  come 
from  one  or  the  other  tributary  basin. 

If  we  take  the  drainage  area  of  the  Mississippi  proper  at 
1,214,000  s(]^uare  miles,  the  calculated  amount  of  solids  in  solu- 
tion, according  to  the  analysis,  will  be  120  tons,  removed  from 
each  square  mile  of  surface  per  annum.  From  the  surrace  of 
England  and  Wales  I  have  shown  that  148*5  tons  per  annum 
are  removed  in  solutionf  and  from  the  Danube  basin  90  tons,:|: 
80  that  this  is  a  mean  and  probably  correct 

It  has  been  estimated  that  the  basin  of  the  Mississippi  is 
lowered  at  the  rate  of  one  foot  in  6,000+  years,  but  this  rate  has 
been  calculated  from  the  removal  of  sediment  alone ;  §  if  we  add 
to  the  matter  removed  mechanically  that  in  solution  it  will 
raise  the  rate  to  one  foot  in  4,500  years. ||     What  stronger  evi- 

*  Report  of  Humphreys  and  Abbott,  (1876),  p.  146,  19,600,000,000,000  cubic 
feet  at  36  feet  to  the  ton. 

f  Oeilne,  Text  book  of  Geology,  p.  444.  %  Chemical  Denudation,  p.  20. 

g  According  to  the  figures  I  have  taken  it  would  be  one  foot  in  6,376  years. 

I  This  is  estimated  as  follows:  Drainage  area  1,244,000  square  miles,  annual 
Mdimentary  discharge  from  the  same  area  362,723,214  tons,  solids  in  solution 
150,000,000  tons,  the  average  rock  estimated  at  16  feet  to  the  ton.  Strictly 
speaking,  to  this  should  be  added  760,000,000  cubic  feet  of  matter,  estimated  to 
1m»  pushed  along  the  bottom  and  the  discharge  from  the  bayous.  For  simplicity's 
flake  I  omit  these  elements. 
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dence  can  we  have  of  the  importance  of  chemical  action  in  geo- 
logical investigation;  an  importance  that  has  hitherto  been 
strangely  overlooked. 

Not  less  surprising  considering  the  apparent  insolubility  of 
silica  by  ordinary  agencies*  is  the  fact  tnat  in  round  numbers 
from  28,000,000  to  24,000,000  tons  of  silica  are  poured  into  the 
sea  annually  by  this  river,  while  there  are  70,000,000  tons  of 
carbonate  of  lime  and  magnesia.  There  is  also  an  exceptional 
quantity  of  alumina  and  a  low  percentage  of  sulphates  in  this 
water. 

Thb  Rivsb  Plate  ob  Rio  de  la  Plata. 

The  next  river  I  shall  deal  with  is  the  Rio  de  la  Plata — the 
second  greatest  river  of  the  South  American  continent.  I  am 
indebted  to  the  very  exhaustive  series  of.  observations  and 
analyses  of  the  waters  of  the  river  contained  in  the  report  to  the 
Commission  of  running  waters  of  the  City  of  Buenos  Ayres 
by  Juan  J.  J.  Kyle  in  1872  and  1874,f  for  most  of  the  informa- 
tion relating  to  this  river. 

I  find  that  the  mean  of  14  analyses  of  water  taken  at  difier- 
ent  times  (April,  May  and  June)  in  the  neighborhood  of  and 
above  the  City  of  Buenos  Ayres  gives  a  proportion  of  j^^  of 
solids  in  solution,  which,  taking  the  dry  weather  flow  of  the  La 
Plata  at  670,000  cubic  feet  per  second:]:  (Bateman),  will  equal 
2'8886  tons  per  second  or  91,000,000  tons  per  annum  in  round 
figures. 

The  dry  weather  flow  of  the  La  Plata  equals  the  mean  annua) 
flow  of  the  Mississippi.  The  mean  annual  flow  of  the  La  Plata 
is  not  known  but  it  must  be  greatly  in  excess  of  the  dry  weather 
flow  and  sufficient  to  bring  up  the  total  amount  of  dissolved 
matter  to  above  that  of  the  Mississippi  though  it  appears  from  the 
analysis  to  have  a  less  percentage  of  mineral  matters  in  its  waters 
than  has  the  Mississippi.  It  appears  from  the  report  of  1874 
'that  in  two  analyses  of  the  La  Plata  water  in  September  15th 
and  18th,  the  matter  in  solution  reached  a  proportion  of  yiVr* 
According  to  an  analysis  of  the  waters  of  the  Parana  supplied 
me  by  Dr.  Frankland§  they  contained  a  proportion  of  only 
TiiW  ^^  solids  in  solution.  Mr.  Juan  Kyle  states  that  there  is 
very  little  difierence  between  the  waters  of  the  La  Plata  taken 
at  850  m.  from  the  shore  and  the  waters  of  the  Parana  de  los 
Palmas.     As  the  Parana  supplied,  according  to  careful  measure- 

*  Mr.  M.  E.  Wadswortb  has  showD  that  ordinary  atmospheric  agencies  produce 
a  greater  effect  upon  rocks  of  a  siliceous  character  thau  is  generally  believed.  See 
this  Journal,  Dec  1884,  p.  466. 

f  I  must  here  express  my  thanks  to  Mr.  J.  E.  Hawkes  for  his  valuable  assist- 
anoe  in  translating  the  pamphlet  for  me. 

t  See  Chemical  Denudation,  p.  56. 

g  See  Chemical  Denudation,  p.  23.     1008  parts  per  100,000. 
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ment  by  Mr.  Bateman,  520,000  cubic  feet  of  water  to  the  La 
Plata,  while  the  Uruguay  was  estimated  at  only  160,000  cubio 
feet  at  the  same  time,  it  follows  that  the  chemical  constituents 
of  the  water  of  the  La  Plata  must  vary  considerably  at  different 
times  and  seasons.  Probably  the  analysis  on  which  I  have 
made  my  calculations  will  represent  a  fair  annual  mean  of  the 
solids  in  solution. 

The  estimated  drainage  area  of  these  two  rivers  is  1,250,000- 
square  miles,  so  that  were  the  mean  annual  discharge  known 
it  would  probably  turn  out  that  the  greater  discharge  of  the  La 
Plata  would  more  than  compensate  for  the  smaller  per  centage 
of  dissolved  matters  in  its  waters  and  bring  the  chemical 
denudation  per  square  mile  of  river  basin  up  to  or  beyond  that 
of  the  Mississippi. 

The  observations  of  Mr.  Bateman  were  taken  in  the  month  of 
December,  1870,  when  the  river  was  at  its  lowest  state.  "  A 
continuous  drought  of  six  or  seven  months  having  diminished 
the  ordinary  sources  of  supply  and  the  periodical  rise  from  the 
Andes  not  having  commenced."  It  is  difficult,  nay,  impossible^, 
to  predict  the  mean  delivery  from  the  dry  weather  flow,  but 
the  mean  flow  of  the  Rhine  is  given  by  Beardmore  as  over 
twice,  the  Rhone  at  Avignon  nearly  three  times,  and  the  Nile- 
at  Cairo  over  seven  times  the  ordinary  summer  flow. 

The  waters  of  the  La  Plata  are  distinguished  by  the  fineness 
of  the  matter  held  in  suspension  ;  this  consists,  according  to- 
Mr.  Kyle,  principally  of  clay.  This  clay  continues  a  long  time 
in  suspension  even  after  filtering.  It  will  pass  through  the- 
pores  of  the  best  filtering  papers,  the  water  preserving  its  tur- 
bidity even  after  months  of  repose.  This  is  a  feature  according 
to  Mr.  Kyle  which  is  common  to  all  waters  that  are  weakly 
alkaline.  Several  chemicals  added  to  the  water  will,  however, 
precipitate  the  solid  matter  by  making  the  muddy  particles- 
coagulate  into  larger  compound  particles.  Chloride  of  calcium 
in  the  proportion  of  1  to  5,000  parts  will  act  in  this  manner. 
The  analyses  given  by  Mr.  Kyle  are  of  the  water  after  48  hours 
subsidence,  so  that  the  unprecipitated  matter  is  included  in  tho 
solids  in  solution.  The  matters  in  suspension,  as  is  the  case  with 
other  rivers,  vary  much  according  to  the  state  of  the  river  and 
the  water  is  more  impure  near  the  shore  than  at  850  m.  distant. 

It  is  pretty  well  known  that  an  admixture  of  seawater  with 
turbid  fresh  water  tends  to  hasten  the  precipitation  of  the  solid 
matters*  but  it  is  very 'probable,  as  will  be  seen  before  I  con* 
elude,  that  the  extremely  divided  solid  matter  will  be  carried 
far  and  wide  by  oceanic  currents  before  it  can  settle  to  the 
bottom. 

♦See  "precipitation  of  Claj  in  fresh  and  salt  water,"  by  D.  Robertaon,  Trana^ 
Glaagow  Geol.  See.,  vol.  iy,  Part  III,  page  257. 
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The  annual  amounts  of  solids  in  suspension  in  the  La  Plata 
waters  has  never  to  my  knowledge  been  determined  or  even 
approximately  estimated. 

l^E  St.  Lawrbkcb. 

The  next  river  on  the  American  Continent  of  which  we  have 
any  knowledge  worth  speaking  of  is  the  St  Lawrence.  The 
elements  for  a  calculation  such  as  I  wish  to  make  are  however 
unfortunately  rather  vague.  Even  the  area  of  its  basin  is  stated 
differently  by  different  authors.  According  to  Quyot*  its  basin, 
including,  I  presume,  the  area  of  its  immense  lakes,  is  two-fillhs 
that  of  the  Mississippi,  while  it  is  said  to  pour  into  the  sea  more 
than  twice  its  volume.  This  must,  however,  be  an  error,  for  it 
would  give  40  inches  of  rain  run  off  the  area  per  annum, 
whereas,  according  to  the  Rainfall  Map  of  the  WorH,  prepared 
by  Loomis  (this  Journal,  vol.  xxv,  p.  88,  Januarv,  1883) 
the  whole  basin  lies  in  the  area  of  rainfall  of  from  25 
to  50  inches.  If  we  were  to  take  it  at  20  inches  run  off  the 
ground  per  annum,  or  half  the  stated  delivery,  after  deducting 
the  area  of  the  great  lakes,  the  chemical  denudation  would  still 
be  enormously  great.  The  only  analysis  I  have  met  with  gives 
the  proportion  of  solids  in  solution  at  ^f^irt  ^^  ^^^^  ^^^  denuda- 
tion would  amount  to,  at  that  rate,  over  200  tons  per  square 
mile  per  annum.  The  one  thing  probable,  however,  is,  that 
the  matter  removed  in  solution  is  more  per  square  mile  than  in 
the  Mississippi  basin.  The  matter  removed  to  the  sea  in  sus- 
pension must  be  comparatively  small  from  the  clearness  of  the 
water  due  to  its  passing  through  the  great  lakes. 

Thb  Amazoks. 

The  River  Amazons  is  compared  by  Agassiz  in  its  main 
features  to  the  Mississippi,  inasmuch  as  it  lies  in  a  Cretaceous 
basin.:]:  I  think,  however,  the  analogy  is  a  fanciful  one.  The 
valley  of  the  Amazons  is  distinguished  from  other  river  valleys 
by  its  immense  extent,  the  drainage  basin  being  estimated  by 
Humboldt  at  over  3  million  square  miles.  The  basin  appears 
to  have  existed  much  in  its  present  form  before  it  became  par- 
tially filled  with  the  remarkable  deposits  of  red  sandstones  and 
clays  covering  an  immense  area  which  the  river  is  now  engaged 
in  rapidly  removing  to  the  sea.  The  upland  portions  of  the 
basin  are  largely  composed  of  the  granitic  and  crystalline  rocks 
which  are  so  prominent  a  feature  in  the  Brazils.  The  sand- 
stones and  clays  that  have  so  large  a  development  over  the 
bottom  of  the  basin  appear  to  be  Post-tertiary  and  laid  down 
by  the  river  itself  in  more  ancient  times.     There  are,  however, 

*  Phjaica]  Geography,      f  16- 05  per  100,000  parts,  JahreBbericht  der  Chemie. 
X  Geological  aketches — Phjaical  Hiatorj  of  the  Valley  of  the  Amazons,  p.*  171. 
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Tertiary  rocks  in  a  part  of  the  basiii^  possessing  an  estuarine 
character  in  addition  to  Cretaceous  rocks,  while  on  the  flanks 
of  the  Andes  draining  into  the  river  are  found  both  cretaceous 
and  Carboniferous  rocks.  The  larger  area  of  the  basin  appears, 
however,  to  be  occupied  by  crystalline  rocks  and  the  Post- ter- 
tiary sandstones  and  clays ;  but  a  very  large  part  of  the  basin 
seems  never  to  have  been  geologically  explored.  The  basin  of 
the  Amazons  has  also  the  peculiarity  of  being  situated  both  to 
the  north  and  south  of  the  equator  and  in  an  area  of  very 
heavy  rainfall.     The  chart  of  mean  annual  rainfall  by  Loomis 

I  before  referred  to  puts  it  at  from  60  to  76  inches  for  about 

f  of  its  area,  the  remainder  near  the  Andes  being  over  76 

I  inches.    The  volume  of  water  discharged  by  the  river  has  been 

I  estimated  at  from  2,700,000  to  8,510,000  cubic  feet  per  second. 

j  Taking  the  mean,  this  would  give  about  15  inches  run  off  the 

ground,  or  0'25  of  the  total  rainfall  if  we  take  it  at  60  inches, 

,  about  the  proportion  that  flows  off  the  Mississippi  basin.     The 

I  mean  rainfall  of  the  Mississippi  basin  is  estimated  by  Messrs. 

I  Humphreys  and  Abbot  at  30*4  inches.      Probably  60  inches, 

would  represent  the  mean  rainfall  of  the  Amazons  basin.  For 
the  purposes  of  this  calculation  I  take  the  mean  discharge  at 
3,10*5,000  cubic  feet  per  second,  or  86,250  tons= 2,719,980,000, 
000  tons  per  annum.f 

Through  the  good  offices  of  Mr.  E.  Edmondson  of  Messrs. 
Gunston  &Co.,  of  this  city,  I  have  obtained  a  sample  of  the 
water  of  the  Amazons,  taken  in  mid*stream  between  the  Narrows 
and  Santarem  in  June  of  this  year.  This  sample  I  submitted 
to  Dr.  Pery  L  Frankland  for  analysis  with*  the  following  result : 

Pabts  IK  100,000. 

Silica 0-98 

Jfron  and  alumina 0-38 

Carbonate  of  lime 2-75 

Carbonate  of  magnesia 0-22 

Sulphate  of  magnesia, -..0-37 

Chlorate  of  potassium 0*23 

Chloride  of  sodium 0*16 

Sulphate  of  soda 0-13 

Organic  matter 0*71 

Total  solids  in  solution 6*92 

*  See  '*  On  the  Tertiarj  deposits  on  the  Solimoes  and  Jayury  Rivers  in  Brazil 
by  C.  Barrington  Brown,  Quart  Joum.  6eol.  Soc,  1879,"  also  "Ancient  River 
Deposits  of  the  Amazons,"  ibid. 

f  Bates,  Naturalist  on  the  Amazons,  vol.  i,  page  237,  says :  Yon  Martias  esti* 
mates  the  volume  of  water  passing  through  the  straits  of  Objdos  at  499,684  cubic 
feet  per  second.  He  arrives  at  this  result  by  taking  the  depth  in  the  middle  at  60 
fathoms  and  at  the  sides  20  fathoms,  the  width  is  given  at  1738  yards.  Suspect- 
ing some  error — as  the  volume  of  the  La  Plata  in  dry  weather  exceeds  this  esti- 
mated volume  of  the  Amazons — I  have  re-calculated  the  delivery  from  these 
elements  and  find  that  it  cannot  be  less  than  3,000,000  cubic  feet  per  second,  but 
may  be  more  according  to  the  form  of  the  bottom.  Our  gratitude  is  due  to  those 
who  give  us  the  means  .of  checking  their  results. 
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This  gives  a  proportion  of  total  solids  insolation  oiYwh"^  ^^ 
5*1  tons  per  secona. 

The  total  delivery  of  matters  in  solution  will  amount,  accord- 
ing to  these  data,  to  160,838,600  tons  per  annum,  or,  if  we  esti- 
mate the  basin  at  8,000,000  sqaare  miles,  to  60  tons  per  square 
mile  per  annum. 

It  will  be  observed  that  the  total  amount  delivered  to  the  sea 
of  solids  in  solution  is  not  much  greater  than  that  we  arrived  at 
for  the  Mississippi.  This  is  a  fact  worth  knowing  and  due 
doubtless  to  the  preponderance  of  gneissic  rocks  and  sandstones 
and  clays  of  an  insoluble  character.  It  is  also  worth  noting 
that  the  proportion  of  silica  to  the  total  matter  in  solution  cor- 
responds very  closely  with  that  of  the  Mississippi,  amounting  to 
26,624,481  tons  per  annum.  It  is  also  evident  that  the  rocks 
and  Pampean  deposits'*^  occupying  the  basin  of  the  La  Plata 
are  also  of  a  more  calcareous  and  soluble  character  than  the 
Amazonian  Bocks.  Not  less  interesting  is  it  that  the  carbon- 
ate of  lime,  roughly  speaking,  is  one  half  of  the  whole  of  the 
solids  in  solution.f 

It  follows  from  these  data  that  the  matter  removed  in  sus- 
pension must  bear  an  excessive  proportion  to  those  in  solution 
as  compared  to  other  rivers.  The  deposits  forming  the  banks 
of  the  river  are  of  a  loose  and  friable  nature  on  which  the 
river  makes  great  inroads.  The  proportion  of  matters  in  sus- 
pension has  never  to  my  knowledge  been  estimated.  Bates, 
comparing  the  Para  and  the  main  Amazons,  says,  ^'  In  the 
former  the  flow  of  the  tide  always  creates  a  strong  current  up- 
wards, while  in  the  Amazons  the  turbid  flow  of  the  mighty 
stream  over-powers  all  tides,  and  produces  a  constant  down- 
ward current.  The  color  of  the  water  is  diflFerent,  that  of  the 
Pard  being  of  a  dingy  orange-brown,  while  that  of  the  Amazons 
has  an  ochreous  or  yellowish  clay  tint,"  also  "  Indeed  the  fresh 
water  tinges  the  sea  along  the  shores  of  Guiana  to  a  distance  of 
nearly  200  miles  from  the  mouth  of  the  river. "J 

Infebbncbs  and  Genebaltzations. 

In  my  former  address  I  said,  "Taking  into  consideration 
what  we  know  of  the  geology  of  the  world,  I  think  we  have 
sufficient  grounds  for  a  provisional  assumption  that  about  100 
tons  of  rocky  matter  are  dissolved  by  rain  per  English  square 
mile  per  annum."§  This  at  the  time  was  considered  a  very  bold 
statement,  but  from  the  data  I  have  laid  before  you  respecting 
the  American  continents  I  venture  to  think  it  will  be  now  con- 

*  See  Geolog^ical  Observations,  DarwiD,  Second  Edition,  pp.  3 1 3  to  369. 

f  See  Chemical  Denudation,  p.  24.    %  Naturalist  on  the  Amazons,  vol.  i,  p.  5. 

§  Chemical  Denudation,  p.  24. 
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flidered  as  applied  to  the  whole  world  a  very  fair  approxi- 
mation. 

Let  us  pause  to  consider  the  meaning  of  all  these  figures,  for 
unless  they  have  a  meaning  which  the  mind  and  imagination 
can  seize  apon,  the  wearisome  labors  of  collecting  the  data  and 
making  the  computations  were  well  nigh  wasted. 

First,  as  regards  the  Mississippi,  of  which  we  possess  the  most 
reliable  particulars. — I  have  shown  that  the  estimate  of  the  rate 
of  denudation  of  its  basin  must  be  increased  in  round  figures 
from  ^^^^  to  ttVit  ^^  ^  ^^^^  P^'*  annum*  in  consequence  of  the 
solid  matter  which  is  removed  in  solution.  Is  it  not  a  striking 
instance  of  the  little  importance  attached  to  chemical  denuda- 
tion as  a  geological  agent,  when  the  matter  removed  in  solution 
does  not  enter  as  an  element  into  the  calculations  of  such 
an  observant  reasoner  as  a  Geikie  or  a  Croll.  Thus  we  arrive  at 
the  first  and  not  unimportant  result  which  I  promised  from 
quantitative  examination.  Now  mark,  it  is  not  that  geologists 
were  unaware  of  the  effect  of  chemical  action  on  the  rocks. 
Take  up  an^  text-book  or  manual  and  you  will  find  a  chapter 
devotea  to  it  and  the  whole  process  correctly  explained,  never- 
theless the  quantity  of  matter  removed  was  not  realized  and 
never  could  have  been  except  through  laborious  calculations. 
That  being  done  it  is  easy  to  see  how  these  great  results  occur. 
Examine  the  hardest  rock  and  you  will  find  it  weathered,  you 
will  find  it  coated  over  with  a  crust,  of  a  thickness  varying 
with  the  time  its  surface  has  been  exposed.  This  crust  is  com- 
posed of  the  constituents  of  the  rock  that  remain  after  part  have 
been  removed  by  chemical  action.f  Examine  the  waste  talus 
from  some  of  the  old  quarries  at  Penmaenmawr  and  you  will 
see  that  atmospheric  agents  have  in  the  space  of  80  years  per- 
ceptibly affected  a  felstone  rock  that  seems  at  first  sight  abso- 
lutely indestructible.:|:  How  much  more  then  must  they  affect 
rocks  of  a  more  friable  and  soluble  nature.  I  have  shown  that 
jif^n  of  a  foot  per  annum  is  removed  from  the  surface  of  Eng- 
land and  Wales  in  a  soluble  form  every  year,§  say  -njVr  ^^  ^^ 
inch,  so  that  in  30  years  it  would  amount  to  -^  of  an  inch. 

*  This  calculation  as  before  explained  takes  no  account  of  matters  pushed  along 
the  bottom,  they  have  not  been  determined  with  much  accuracy  and  it  is  probable 
as  Mr.  A.  Tylor  has  suggested  there  is  more  than  has  been  estimated.  This  would 
further  reduce  the  time. 

f  It  is  usual  to  refer  this  action  entirely  to  the  carbonic:  acid  present  in  the  rain 
water,  but  Mr.  Alexis  A.  Julien  has  brought  forward  a  great  body  of  facts  to 
prove  that  the  solyents  of  the  rocks  are  largely  organic  acids  existing  in  decaying 
vegetable  matter.  "On  the  geological  action  of  the  Humous  Acids."  Proc.  of  the 
American  Assoe.  for  the  Advancement  of  Science,  Saratoga  meeting,  1879. 

X  This  stone  is  largely  used  for  making  *'  setts  "  for  street  paving,  sold  under 
the  name  of  **  Welsh  granite  setts,"  and  found  to  be  the  most  lasting  material  for 
the  purpose. 

g  Chemical  Denudation. 
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This  is  the  mean  denudation,  bat  I  have  also  shown  that  the 
denudation  is  very  much  equalized  by  the  fact  of  the  harder 
rocks  usually  occurring  in  areas  of  great  rainfall.* 

It  is  therefore  not  unlikely  that,  if  we  were  to  institute  accu- 
rate experiments  over  a  sufficiently  long  time,  it  would  tarn  out 
that  the  calculation  of  the  amount  of  matter  removed  in  solu- 
tion could  be  verified  by  direct  tests,  and  that  even  these  hard 
rocks  would  be  found  to  waste  at  something  near  the  indicated 
rate.  It  would  appear  from  the  examples  of  the  Mississippi, 
the  Nile  and  Danube  that  the  matter  brought  down  in  solution 
and  suspension  is  as  1  to  3. 

These  examples  are  of  rivers  where  there  have  been  the  most 
accurate  and  fullest  data  to  judge  by.  Whether  the  propor- 
tion would  be  borne  out  in  other  river  basins  we  have  no  very 
good  means  of  judging;  but  it  would  appear  that  in  large  rivers 
the  nature  of  the  rocks  is  so  varied,  the  areas  being  so  exten- 
sive, that  the  relation  of  the  materials  in  solution  to  those  in 
suspension  have  a  tendency  to  keep  very  constant.  It  will  be 
seen  from  a  consideration  of  these  facts  that  matters  chemically 
dissolved  in  the  water  must  play  a  much  more  important  role 
in  the  reconstruction  of  the  earth  than  was  formerly  suspeoted.f 

What  becomes  of  all  these  mineral  matters  ceaselessly  flowing 
into  the  sea?  It  has  been  shown  by  Mr.  Buchananj:  that  the 
proportions  of  mineral  matters  to  each  other  in  sea  water  is 
nearly  constant  everywhere,  although  there  is  a  variation  in 
different  seas  in  the  proportion  of  total  mineral  matter  in  solu- 
tion to  the  water  it  is  dissolved  in.  Nature  has  achieved  a  bal- 
ance of  supply  and  demand.  It  is  also  well  known  that  the 
coarser  matters  in  suspension,  unless  brought  under  the  influ- 
ence of  a  strong  current,  settle  near  the  mouths  of  the  rivers 
and  then  spreaa  themselves  by  help  of  tides  and  winds  along 
the  coast  and  there  mingle  with  the  detritus  the  sea  wears  away 
from  the  coast  The  finer  particles  distribute  themselves  over 
a  larger  area  and  probably  the  very  finest  over  the  whole  sea 
bottom.  In  every  ocean  dredging  there  is  a  prreater  or  less 
amount  of  argillaceous  matter,  whether  it  be  in  the  ooze  or  the 
red  clay,  which  I  suggest  is  more  likely  to  be  the  "dust  of 
continents,''  than  to  arise  from  the  disintegration  of  volcanic 
matter,  such  as  pumice,  but  it  is  no  doubt  largely  mingled 
with  such  volcanic  matters  as  Mr.  Murray  clearly  shows.  It 
seems  to  me  rather  a  far-fetched  notion  that  the  winds  should 
contribute  dust  to  the  deepest  ocean,  but  that  the  waters  should 
make  no  mechanical  contribution  to  the  deposit.     The  bulk  of 

♦  Chemical  Denudation. 

f  It  is  singular  that  Hutton  in  his  theory  of  the  earth  estimates  at  a  gross 
computation  '*  that  the  fourth  of  the  solid  land  is  composed  of  matter  which  had 
formed  the  calcareous  tests  of  animals  " 

J  Challenger  Reports. 
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I  the  ocean  water  is  so  'great  as  compared  to  the  probable  amount 

of  matter  in  a  state  of  the  finest  comminution  that  can  get  into 
I  it,  that  it  might  not  even  be  possible  to  detect  its  presence  in  a 

j  sample  of  ocean  water.     At  the  same  time  it  might  contain 

I  quite  sufficient  to  account  for  much  of  the  ai'gillaceous  matter 

found  in  the  deep  ocean  sounding?.  I  have  shown  that  the 
matters  in  solution  in  rain  waters  are,  roughly  speaking,  one 
quarter  of  the  whole  matter  in  the  water  in  solution  and  sus- 
pension. The  finest  particles,  sufficiently  fine  to  be  carried 
away  by  oceanic  surface  currents,  such  as  the  Gulf  Stream,  are 
probably  not  in  bulk  half  as  great  as  the  matter  in  solution. 
If  we  take  as  an  example  the  estimate  I  have  given  of  the 
chemical  denudation  of  England  and  Wales  it  amounts,  as  I 
have  already  shown,  to  -g^  of  an  inch  in  80  years.  This  would 
give,  supposing  the  impalpable  mud  to  be  worn  ofi^at  half  that 
rate,  60  years  for  the  denudation  oi-^oi  an  inch.  The  area  of 
the  sea  to  land  is  roughly  as  8  to  1,  therefore  at  this  rate  it 
would  take  180  years  for  ^  of  an  inch  of  mud  converted  into 
rock  to  accumulate  if  distributed  evenly  over  the  ocean  floor. 
When  we  consider  the  average  depth  of  thp  ocean  is  over  two 
miles,  -^  of  an  inch  distributed  through  it  would  amount  to  no 
more  than  about  one  five-millionth  part,  and  this,  be  it  remem- 
bered, has  180  years  to  accumulate  and  settle,  so  that  if  we  give 
each  particle  of  these  fine  matters  in  suspension  10  years  to 
settle  to  the  bottom  there  would  never  be  in  the  ocean  water  at 
one  time  more  than  one  ninety-millionth  part  of  matters  in  sus- 
pension, an  amount  so  small  as  to  be  practically  imperceptible. 
The  probability  that  such  an  infinitesimal  amount  of  matter  in 
suspension  may  be  present  is  still  more  evident  when  we  find 
that  fine  sand  floats  on  the  surface  of  the  sea  for  considerable 
distances,  for  Prof.  Verrill  says  that  in  the  course  of  the  Gulf 
Stream  they  always  take  with  their  towing  nets  more  or  less 
fine  siliceous  sand*  (this  Journ.,  1882,  xxiv,  p.  449). 

I  think  it  is  fairly  evident  from  the  foregoing  calculations 

*  Prof.  A.  £.  Yerrill  also  says  that,  in  the  Oulf  Stream  slope  examined  by  us. 
the  bottom  in  70  to  300  fathoms,  60  to  120  miles  from  the  shore,  is  composed 
mainly  of  very  fine  sand,  largely  quartz,  with  grains  of  feldspar,  mica,  magnetite, 
ftc. ;  with  it  there  is  always  a  cousiderahle  percentage  of  shells  of  fbraminifera 
and  other  caloareous  organisms,  and  also  spherical,  rod-like  and  stellate  sand-cov- 
ered rhizopods  often  in  large  quantities.  In  the  deeper  localities  there  is  usually 
more  or  less  genuine  mud  or  olay,  bat  this  is  often  almost  entirely  absent  even  in 
300  to  600  fathoms.  The  sand  however  is  often  so  fine  as  to  resemble  mud  and 
is  frequently  so- reported  when  the  preliminary  soundings  are  made  and  recorded.'^ 
**  The  prevalence  of  fine  sand  along  the  G-ulf  Stream  slopes  in  this  region  and  the 
remarkable  absence  of  actual  mud  or  clay  deposits  indicate  that  there  is  here  at 
the  bottom  sufficient  current  to  prevent  for  the  most  part  the  deposition  of  fine 
argUiaceous  sediments  over  the  upper  portion  of  the  slope  in  65  to  150  fathoms. 
Such  materials  are  probably  carried  along  till  they  eventually  sink  into  the  greater 
depths  nearer  the  base  nf  the  slope,  or  beyond  in  the  ocean  basin  itself,  where  the 
currents  are  less  active."    (This  Journal,  vol.  xxiv,  pp.  448-9,  1882.) 
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that  there  may  be  accumulations  going  ob  in  the  great  oceans 
which  we  can  no  more  see  than  we  can  the  matters  in  solution.^ 
It  is  only  because  the  mineral  matters  get  concentrated  in  the 
sea  water  that  they  are  forced  upon  our  notice.  They  slowly 
concentrate  until  a  balance  is  attained  and  they  are  removed 
from  the  sea  water  at  the  same  rate  that  they  are  poured  into 
it. 


Art.   XLI. — On  Arctic  Interglacial  Periods;   by  James 
Croll,  LL.D.,  F.R.S.t 

Polar  Interglacial  Periods  more  marked  than  the  OlaciaL — In 
n  former  paper,^:  and  also  in  *  Climate  and  Time  '  (chap,  xvi),  it 
was  pointed  out  that  in  temperate  regions  the  cold  periods  of 
the  Glacial  epoch  would  be  ifar  more  marked  than  the  warm 
interglacial  periods.  In  temperate  regions  the  condition  of 
things  which  prevailed  during  the  cold  periods  would  differ  far 
more  widely  from  that  which  now  prevails  than  would  the  con- 
•dition  of  things  during  the  warm  periods.  But  as  regards  the 
polar  regions  the  reverse  would  be  the  case ;  there  the  warm 
interglacial  periods  would  be  more  marked  than  the  cold 
periods.  The  condition  of  things  prevailing  in  these  regions 
-during  the  warm  periods  would  be  in  strongest  contrast  to 
what  now  obtains;  but  this  would  not  hold  true  in  reference  to 
the  cold  periods,  during  which  matters  would  be  pretty  much 
the  same  as  at  present,  only  somewhat  more  severe.  In  short, 
the  glacial  state  is  the  normal  condition  of  the  polar  regions, 
the  interglacial,  the  abnormal.  At  present  Greenland  and 
other  parts  of  the  Arctic  regions  are  almost  wholly  covered 
with  snow  and  ice,  and,  conseauently,  nearly  destitute  of  vege- 
table life.  In  fact,  as  regards  organic  life  in  those  regions, 
matters  during  the  Glacial  epoch  wotild  not  probably  be  much 
worse  than  they  are  at  the  present  day.  Greenland  and  the 
Antarctic  continent  are  to-day  almost  as  destitute  of  plant-life 
AS  they  could  possibly  be.     Although,  in  opposition  to  what  is 

*  Ur.  Thomas  Higgin,  F.L.S.f  of  Anderton  Salt  Works.  Northwich,  prepares  his 
finest  quality  of  salt  by  precipitatiDg  the  alight  proportion  of  muddy  imptirities 
which  the  cold  brine  holds  in  suspension  by  heating  it  in  large  vats.  At  my 
suggestion  he  carried  out  a  series  of  experiments  to  determine  the  pfoportion 
of  mud  so  removed.  He  found  that  it  amounted  to  5*7  lbs  per  1,656  tons  of 
brine  sz^j{^^.  Looking  at  the  brine,  purified  and  unpurified  together  in  dean 
bottles,  the  difference  between  them  is  so  faint  as  to  be  hardly  distinguishable. 
It  of  course  affects  the  color  of  the  manufactured  salt  to  a  much  greater  extent 
both  by  the  higher  proportion  the  impurities  bear  to  the  salt  and  the  whiteness 
•of  the  salt. 

JPhiL  Mag.,  Jan.,  1886.    Communicated  by  the  author. 
Phil.  Mag.,  May,  1884,  p.  375;  this  Journal  June,  1884. 
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foand  to  be  true  in  reference  to  the  temperate  regions,  the 
polar  interglacial  periods  were  more  marked  than  the  glacial, 
It  does  not  follow  that  on  this  account  the  relics  of  the  inter- 
glacial periods  which  remaiii  ought  to  be  more  abundant  in 
polar  than  in  temperate  regions.  On  the  contrary,  the  reverse 
ought  to  be  the  casa  In  the  polar  regions,  undoubtedly,  there 
is  least  likelihood  of  finding  traces  of  interglacial  periods;  for 
there,  of  all  other  places,  the  destruction  of  such  traces  would 
be  most  complete.  The  more  severe  the  glaciation  following  a 
warm  period,  the  more  complete  would  be  the  removal  of  the 
remains  belonging  to  the  period.  If  in  such  places  as  Scot- 
land and  Scandinavia  so  little  is  left  of  the  wreck  of  inter- 
glacial periods,  it  need  be  a  matter  of  no  surprise  that  in  Arctic 
regions  scarcely  a  relic  of  those  periods  remains.  The  com- 
parative absence  in  polar  regions  of  organic  remains  belonging 
to  a  mild  interglacial  period  cannot  therefore  be  adduced  as 
evidence  against  the  probable  existence  of  such  a  period. 
Who  would  expect  to  find  such  remains  in  ice-covered  regions 
like  Greenland  and  Spitzbergen  ?  Although  not  a  trace  is 
now  to  be  found,  it  is  nevertheless  quite  possible  that  during 
interglacial  periods  those  regions  may  have  enjoyed  a  compara- 
tively mild  and  equable  climate. 

Evidence  from  the  Mammoth  in  Siberia. — This  comparative 
absence  of  the  remains  of.  a  warmer  condition  of  climate  in 
Arctic  regions  during  Pleistocene  times  holds  true,  however, 
only  in  regard  to  those  parts,  like  Greenland,  which  have 
undergone  severe  glaciation.  When  we  examine  Siberia  and 
other  places  which  appear  to  have  escaped  the  destructive 
power  of  the  ice,  we  find,  from  a  class  of  facts,  the  physical 
importance  of  which  appears  to  have  been  greatly  overlooked, 
abundant  proofs  of  a  mild  and  equable  condition  of  climate. 
I  refer  to  facts  connected  with  the  climatic  condition  under 
which  the  Siberian  Mammoth  and  his  congeners  lived.  The 
simple  fact  that  the  Mammoth  lived  in  Northern  Siberia  proves 
that  at  the  time  the  climate  of  that  region  must  have  been  far 
diflferent  from  what  it  is  at  the  present  day. 

The  opinion  was  long  held,  and  is  still  held  by  some,  that 
the  Mammoth  did  not  live  in  Northern  Siberia,  where  his 
remains  are  found,  but  in  more  southern  latitudes  and  that 
these  remains  were  carried  dowu  by  rivers.  It  was  considered 
incredible  that  an  animal  allied  to  the  Elephant,  which  now 
lives  only  in  tropical  regions,  should  have  existed  under  a 
climate  so  rigorous  as  that  of  Siberia.  The  opinion  that  the 
remains  were  floated  down  the  Siberian  rivers  is  now,  however, 
abandoned  by  Bussian  naturalists  and  other  observers  who 
have  carefully  examined  the  country. 
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I  shall  here  give  a  brief  statement  of  the  facts  and  arguments 
which  have  been  adduced  in  support  of  the  theory  that  the 
Mammoth  lived  and  died  where  its  remains  were  found.  For 
these  facts  I  am  mainly  indebted  lo  the  admirable  papers  by 
Mr.  Howorth  on  the  Mammoth  in  Siberia,  which  appeared  in 
the  Geological  Magazine  for  1880. 

Had  the  remains  of  the  Mammoth  been  carried  down  from 
the  far  south  by  the  Siberian  rivers,  they  would  have  been 
found  mainly,  if  not  exclusively,  on  the  banks  of  the  long 
rivers,  such  as  the  Obi,  Yenissei  and  the  Lena,  and  in  the 
deltas  formed  at  their  mouths.  But  such  is  not  the  case 
"  These  are,"  says  Mr.  Howorth,  "  found  even  more  abundantly 
on  the  banks  of  the  very  short  rivers  east  of  the  Lena.  They 
are  found  not  only  on  the  deltas  of  these  rivers,  but  far  away 
to  the  north,  in  the  islands  of  New  Siberia,  beyond  the  reach 
of  the  currents  of  the  small  rivers,  whose  mouths  are  opposite 
those  islands."  But  a  more  convincing  proof  is  that  "  they  are 
found  not  only  in  North  Central  Siberia,  where  the  main 
arteries  of  the  country  flow,  but  in  great  numbers  east  of  the 
river  Lena,  in  the  vast  peninsula  of  the  Chukchi,  in  the 
country  of  the  Yukagirs,  and  in  Kamtskatka,  where  there  are 
no  rivers  down  which  they  could  have  floated  from  more  tem- 
perate regions."  Besides,  it  is  not  merely  in  the  deltas  and 
banks  of  rivers  that  the  remains  are  found,  but  in  nearly  all 
parts  of  the  open  tundra;  and  Wrangell  says*  that  the  best,  as 
well  as  the  greatest  number  of  remains  are  found  at  a  certain 
depth  below  the  surface  in  clay-hills,  and  more  in  those  of  some 
elevation  than  along  the  low  coast  or  in  the  flat  tundra. 

Had  the  Mammoth  lived  in  the  south  we  should,  as  Mr. 
Howorth  further  remarks,  have  found  its  remains  most  abund- 
ant in  the  south,  whereas  the  farther  north  we  go  the  remains 
become  more  abundant,  and  in  the  islands  of  the  Liachof 
archipelago,  in  about  latitude  74®,  the  greatest  quantities  have 
been  discovered.  Again,  according  to  Hedenstrom,  the  bones 
and  tusks  found  in  the  north  are  not  so  large  and  heavy  as 
those  in  the  south  ;  a  fact  which  still  further  confirms  the 
opinion  that  the  Mammoth  lived  where  his  remains  are  found, 
inasmuch  as  the  greater  severity  of  the  climate  in  northern 
parts  would  certainly  hinder  the  growth  and  full  development 
of  the  animal. 

Northern  Siberia  much  warmer  during  the  Mammoth  Epoch 
than  Tioti;.— It  is  true  that  the  Mammoth  and  the  Rhinoceros 
tichorhinua  were  furnished  with  a  woolly  covering  which  would 
protect  them  from  cold  ;  but  it  is  nevertheless  highly  improba- 
ble that  they  could  have  endured  a  climate  so  severe  as  that 
of  Northern  Siberia  at  the  present  day,  where  the  ground  is 

*  Polar  Sea  Ezpedition,  English  tranalation,  p.  275. 
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covered  with  snow  for  nine  months  in  the  year  and  the  tempera- 
ture is  seldom  much  above  zero  Fahr.  And  even  if  they  could 
have  endured  the  cold,  they  would  have  starved  for  want  of 
food.  Some  parts  of  Siberia  are  no  doubt  fertile,  as,  for  ex- 
ample, the  valley  of  the  Yenisei,  described  by  Nordenskjdld  ;* 
but  there  is  little  doubt,  as  Mr.  Howorth  remarks,  that  the 
larger  portion  of  Northern  Siberia,  where  the  Mammoth  and 
the  Rhinoceros  lived,  is  now  a  naked  tundra  covered  with  moss, 
on  which  no  tree  will  grow.  On  such  ground  it  is  physically 
impossible  that  the  Mammoth  and  Rhinoceros  could  exist,  for 
they  cannot  graze  close  to  ground  like  oxen.  They  live  on 
long  grass  and  on  the  foliage  and  small  branches  of  trees. 

Evidence  from  Wood. — The  fact  that  the  Mammoth  was  most 
abundant  beyond  the  present  northern  limit  of  wood  is  pretty 
good  evidence  that  the  climatic  condition  of  Northern  Siberia 
must  have  been  milder  than  now.  Wood  must  have  extended, 
in  the  days  of  the  Mammoth,  far  beyond  its  present  limit, 
probably  as  far  north  as  New  Siberia :  facts  of  observation  sup- 
port this  conclusion. 

The  wood  found  in  Northern  Siberia  consists  of  two  classes 
— the  one  is  the  result  of  drift,  the  other  grew  on  the  spot. 
The  natives  call  the  former  **  Noashina,"  and  the  latter  "  Adam* 
shina ;"  and  the  division  is  supported  by  Goppert,  "  who  sepa- 
rates the  trunks  of  timber  found  in  Northern  Siberia  into  a 
northern  series,  with  narrow  rings  of  annual  growth,  and  a 
southern,  with  wider  onea  The  latter  doubtless  floated  down 
the  rivers,  as  great  quantities  do  still ;  while  the  former  probably 
grew  here  with  the  Mammoth." 

In  the  middle  of  October,  1810,  Hedenstrom  went  across  the 
tundra  direct  to  Ustiansk.  "On  this  occasion,"  he  says,  "I 
observed  a  remarkable  natural  phenomenon  on  the  Ohastach 
Lake.  This  lake  is  14  versts  long  and  t>  broad,  and  every 
autumn  throws  up  a  quantity  of  bituminous  fragments  of  wood, 
with  which  its  shores  in  many  places  are  covered  to  the  depth 
of  more  than  2  feet  Among  these  are  pieces  of  a  hard  trans- 
parent resinous  substance,  burning  like  amber,  though  without 
its  agreeable  perfuma  It  is  probably  the  hardened  resin  of  the 
larch  tree.  The  Chastach  Lake  is  situated  115  versts  from  the 
sea  and  80  versts  from  the  nearest  forest  "f 

On  the  same  journey  Hedenstrom  noticed  "  on  the  tundra, 
equally  remote  from  the  present  line  of  forest,  among  the  steep 
sandy  banks  of  the  lakes  and  rivers,  large  birch  trees,  com- 
plete, with  bark,  branches  and  root.  At  the  first  glance  they 
appeared  to  have  been  well  preserved  by  the  earth ;  but,  on 
digging  them  up,  they  are  found  to  be  in  a  thorough  state  of 
decay.     On  being  lighted  they  glow,  but  never  emit  a  flame: 

*  '  Nature,'  Dec.  2, 1876.  \  Wrangell,  p.  491. 
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nevertheless  the  inhabitants  of  the  neighborhood  use  them  as 
fuel,  and  designate  these  subterranean  trees  as  Adamoushtshina, 
or  of  Adam's  time.  The  first  living  birch  tree  is  not  found 
nearer  than  three  degrees  to  the  south,  and  then  only  in  the 
form  of  a  shrub."* 

On  the  hills  in  the  interior  of  the.Island  of  Koteloni  "  Sanni- 
kow  found  the  skulls  and  bones  of  horses,  buffaloes,  oxen  and 
sheep  in  such  abundance  that  these  animals  must  formerly  have 
lived  there  in  large  herds.  At  present,  however,  the  icy  wilder- 
ness produces  nothing  that  could  afford  them  nourishment,  nor 
would  they  be  able  to  endure  the  climate.  Sannikow  concludes 
that  a  milder  climate  must  formerly  have  prevailed  here,  and 
that  these  animals  may  therefore  have  been  contemporary  with 
the  Mammoth,  whose  remains  are  found  in  every  part  of  the 

island."t 

'*  Herr  von  Ruprecht  reported  to  Brandt  that,  at  the  mouth 
of  the  Indiga,  in  67°  39'  N.  lat.,  on  a  small  peninsula  called 
Chemoi  Noss,  where  at  present  only  very  small  birch  bushes 
grow,  he  found .  rotten  birch  trunks  still  standing  upright,  of 
the  thickness  of  a  man's  leg  and  the  height  of  a  man.  In  going 
up  the  river  he  met  with  no  traces  of  wood  until  he  reached  the 
port  of  Indiga.  Here  he  noticed  the  first  light-fir  woods  grow- 
ing among  still  standing  but  dead  trunks.  And  higher  up  the 
river  still,  the  living  woods  fairly  began.";}: 

Schmidt  says  that,  "where  the  lakes  on  the  tundra  have 
grown  small  and  shallow,  we  find  on  and  near  their  banks  a 
layer  of  turf,  under  which,  in  many  places,  are  remains  of  trees 
in  good  condition^  which  support  the  other  proofs  that  the  northern 
limit  of  trees  has  retrogressed^  and  that  the  climate  here  has  grown 
colder.  I  found,  on  the  way  from  Dudino  to  the  Ural  Moun- 
tains, in  a  place  where  larches  now  only  grow  in  sheltered  river- 
valleys,  in  turf  on  the  top  of  the  tundra,  prostrate  larch  trees 
still  bearing  cones."§ 

Schmidt  also  states  that  he  was  informed  that  at  Dudino,  just 
at  the  limit  of  the  woods,  there  had  been  found  in  a  miserable 
larch  wood  the  lower  part  of  a  stem  sticking  in  the  ground, 
apparently  rooted,  which  was  three  feet  in  diameter.  He  also 
states  that,  "eleven  versts  above  Krestowkoje,  in  lat  72°,  he 
found,  in  a  layer  of  soil  covered  with  clay  on  the  upper  edge  of 
the  banks  of  the  Yenissei,  well-preserved  stems  like  those  of 
the  birch,  with  their  bark  intact,  and  sometimes  with  their  roots 
attached,  and  three  to  four  inches  in  diameter.  Professor 
Merklin  recognizes  them  as  those  of  the  Alnasterfruticosus^  which 
still  grows  as  a  bush  on  the  islands  of  the  Yenissei,  in  lat. 
70i°  N." 

*  Wrangell,  p.  492.  +  WrangeU,  p.  496. 

t  Bull.  8oc.  Nat  Moscow;  quoted  by  Uoworth. 
I  Schmidt,  as  quoted  bj  Uoworth. 
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Evidence  from  Shells. — In  the  freshwater  deposits  in  which 
the  bones  of  the  Mammoth  are  found,  there  are  fresh-water  and 
land-shells,  which  indicate  a  warmer  condition  of  climate.  I 
quote  the  following  from  Mr.  Howorth's  memoir: — 

"  Schmidt  found  Helix  Schrenchi  in  fresh-water  deposits  on 
the  tundi*a  below  Dudino  and  beyond  the  present  range  of  trees. 
Lopatim  found  recent  shells  of  it,  with  well-preserved  colors, 
9°  farther  south,  in  lat.  68^  and  69°,  within  the  present  range 
of  trees,  at  the  mouth  of  the  Awamka.  The  most  northern 
^  limit  hitherto  known  for  this  shell  was  in  lat.  60°  N.,  where 

they  were  found  by  Maak  in  gold- washings  on  the  Pit." 

**In   the  freshwater  clay  of   the  tundra  by  Tolstoi   Noss, 

Schmidt  found  Planorhis  aJbus^  Valvata  cristata^  and  Limncea 

auricularia  in  a  sub-fossil  state ;  Oyclas  calyculata  and  Valvata 

j  pi^cinalis  he  found  thrown  up  on  the  banks  of  the  Yenissei, 

'  and  on  a  rotten  drifted  trunk,  Limax  agrestis;  Anodonta  ana- 

!  tina  he  also  found  on  the  banks  of  the  Yenissei  as  far  as  Tol- 

'  stoi  Noss,  but  no  farther.     Pisidium  foniinale  still  lives  in  the 

pools  on  the  tundra;    as  does  Succinea  putrU  on  the  branches 

I  of  the  Alnaster  on  the  Brijochof  Islands." 

Mr.   Belt  mentions*  that  the  Gyrena  flumvnah's  is  found  in 
i  Siberia  in  the  same  deposits  which  contain  the  remains  of  the 

I  Mammoth  and  the  Rhinoceros  iichorhinus, 

I  "  The  evidence,  then,"  says  Mr.  Howorth,  *'  of  the  debris  of 

I  vegetation,  and  of  the  fresh-water  and  land-shells  found   with 

!  the  Mammoth-remains,  amply  confirms  the  d/)nbn  conclusion 

that  the  climate  of  Northern  Siberia  was  at  the  epoch  of  the 
Mammoth  much  more  temperate  than  now.  It  seems  that  the 
botanical  facies  of  the  district  was  not  unlike  that  of  Southern 
Siberia,  that  the  larch,  the  willow,  and  the  Alnaster  were  prob- 
ably the  prevailing  trees,  that  the  limit  of  woods  extended  far 
to  the  north  of  its  present  range  and  doubtless  as  far  as  the 
Arctic  Sea;  that  not  only  the  iriean  temperature  was  much 
higher^  hut  it  is  probable  that  the  winters  were  of  a  iem/)erate  and 
not  of  an  Arctic  type^ — Geol.  Mag.,  December,  1880. 

The  Mammotk  Interglacial — It  need  be  a  matter  of  no  sur- 
prise that  the  climate  of  Northern  Siberia  during  the  time  of 
the  Mammoth  was  more  mild  and  equable  than  now,  if  we 
only  admit  that  the  Mammoth  was  interglacial.  That  it  was 
of  interglacial  age  is  a  conclusion  which,  I  think,  has  been 
well  established  by  Prof.  J.  Geikie  and  others.  Into  the  facts 
and  arguments  which  have  been  advanced  in  support  of  this 
conclusion  I  need  not  here  enter.  The  subject  will,  however, 
be  found  discussed  at  great  length  in  Prof.  Geikie's  *  Prehis- 
toric Europe'  and  in  *The  Great  Ice- Age'  (second  edition). 
Mr.  R-  A.  Wallace  considers  that  one  of  the  last  intercalated 

*  Quart  Joum.  GeoL  Soc,  vol  xxz,  p.  464. 
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mild  periods  of  the  Glacial  epoch  seems  to  oflFer  all  the  neces- 
sary conditions  for  the  existence  of  the  Mammoth  in  Siberia. 
That  the  Mammoth  was  interglacial  will  be  farther  evident 
when  we  consider  the  climatic  conditions  of  Europe  at  the  time 
that  it  lived  there.  Before  doing  so,  it  may  be  as  well  to 
glance  at  what  evidently  were  the  main  characteristics  of  the 
interglacial  perioda 

Main  Characteristics  of  Interglacial  Climate. — They  are  as 
follows : 

1.  Interglacial  conditions  neither  did  nor  could  exist  stTnvl* 
ianeously  on  both  hemispheres.  They  existed  only  on  one 
hemisphere  at  a  time,  viz :  on  the  hemisphere  which  had  its 
winter  solstice  in  perihelion. 

2.  During  interglacial  periods  the  climate  was  more  equable 
than  it  is  at  present ;  that  is  to  say,  the  diflference  between  the 
summer  and  winter  temperatures  was  much  less  than  it  is  now. 
The  summers  may  not  have  been  warmer  or  even  so  warm  as 
they  are  at  present,  but  the  temperature  of  the  winters  was 
much  above  what  it  is  at  the  present  day. 

8.  During  the  interglacial  periods  the  quantity  of  equatorial 
heat  conveyed  by  ocean-currents  into  temperate  and  polar 
regions  was  far  in  excess  of  what  it  is  at  present  On  this 
account  a  greater  uniformity  of  climate  then  prevailed:  that  is 
to  say,  the  difference  of  climatic  conditions  between  the  sub- 
tropical and  the  temperate  and  polar  regions  was  less  marked 
than  at  present — the  temperature  not  diflFering  so  much  with 
latitude  as  it  now  does. 

4  Mildness,  or  a  comparative  absence  of  high  winds,  charac- 
terized interglacial  climate.  This  partial  exemption  from  high 
winds  resulted  from  the  fact  that  the  diflference  of  temperature 
between  the  equator  and  the  poles,  the  primary  cause  of  the 
winds,  was  much  less  than  at  the  present  day. 

6.  Another  character  of  interglacial  climate  was  a  higher 
mean  temperature  than  now  prevaila  This,  amongst  other 
causes,  resulted  from  the  great  amount  of  heat  then  transferred 
by  ocean-currents  from  the  glacial  to  the  interglacial  hemi- 
sphere. 

6.  During  interglacial  periods  the  climate  was  not  only  more 
equable,  mild,  and  uniform  than  now,  but  it  was  also  more 
moist.  This  was  doubtless  owing  mainly  to  the  fact  of  the 
presence  then  in  temperate  and  polar  regions  of  so  large  an 
amount  of  warm  intertropical  water.  In  short,  it  was  the 
presence  of  so  much  warm  water  from  intertropical  regions 
which  mainly  gave  to  the  climate  of  the  interglacial  periods 
its  peculiar  character. 

AH  these  characteristics  of  interglacial  climate  have  been 
fully  established  by  the  facts  of  geology,  but  they  are  also,  as 
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we  have  seen,  deducible  i  priori  from  physical  principles. 
They  follow  as  necessary  consequences  from  those  physical  agen- 
cies which  brought  about  the  Ghicial  epoch. 

Evidence  from  the  Mammoth  in  Europe. — Skeletons  and  de- 
tached remains  of  the  Mammoth  have  been  found  in  nearly 
every  country  in  Europa  Mr.  Howorth  in  his  memoir,*  gives 
the  details  of  the  finding  of  these  in  various  parts  of  Russia, 
Germany,  Denmark,  Sweden,  Belgium,  France,  England,  and 
other  countries.  It  is  shown  that  the  conditions  under  which 
the  Mammoth-remains  have  been  found  in  Europe  are  almost 
identically  the  same  as  those  under  which  they  are  found  in 
Siberia,  with  the  exception,  of  course,  that  in  Europe  no  car- 
casses with  their  flesh  intact  have  been  met  with. 

Again,  the  deposit  in  which  the  Mammoth-remains  are  found 
in  Europe  is  the  same  as  that  in  which  they  occur  in  Siberia. 
The  deposit  is  a  freshwater  one,  consisting  of  marly  clay  and 
gravel,  and  containing  plant-remains  and  land-  and  freshwater- 
shells.  When  these  plants  and  shells  are  examined,  they  are 
found  to  indicate  the  same  interglacial  condition  of  climate  as 
that  which  prevailed  in  Siberia  during  the  time  the  Mammoth 
lived  in  that  region. 

In  the  case  of  land-plants  it  is,  of  course,  only  under  excep- 
tional circumstances,  as  Prof.  J.  Geikie  remarks,  that  they  can 
be  found  in  a  condition  suitable  for  the  botanist.  Now  and 
again,  however,  beds  with  well-preserved  plants  are  met  with, 
buried  under  lacustrine  deposits.  In  a  still  better  state  of  pres- 
ervation are  the  plant-remains  and  shells  which  have  been  dis- 
covered in  the  masses  of  calcareous  tufa  which  have  been 
formed  upon  the  borders  of  incrusting  springs.  An  examina- 
tion of  the  plant-remains  found  under  these  conditions  shows 
that  during  the  Pleistocene  times,  when  the  deposits  in  which 
the  Mammoth  bones  are  found  were  being  formed,  the  climate 
was  more  equable  and  uniform  than  it  is  at  the  present  day. 

The  fossiliferous  remains  yielded  by  the  tufas  have  lied  to 
most  important  results  as  to  the  climatic  condition  of  the  Pleisto- 
cene period,  into  the  details  of  which  I  need  not  here  enter. 
These  will  be  found  at  full  length  in  Prof.  J.  Geikie's  Prehis- 
toric Europe,  chap,  iv.f  It  will  suffice  at  present  simply  to 
refer  to  the  general  conclusions  to  which  these  researches  have 
led,  in  so  far  as  they  bear  on  the  climatic  conditions  prevail- 
ing at  the  time  the  Mammoth  lived  so  abundantly  in  Europe. 

In  the  tufa  deposits  of  Tuscany  have  been  found  numbers  of 
plant-remains  of  indigenous  species,  commingled  with  others 
which  now  no  longer  grow  in  Tuscany.  Amongst  the  latter  is 
the  Canary  laurel,  which  now  flourishes  so  luxuriantly  in  the 

*6eol.  Mag.,  May,  1881. 

f  See  also  Mr.  Howorth's  memoir,  Qeol.  Mag.,  June,  1881. 
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Canary  Islands,  on  the  notbern  slopes  of  the  mountains,  at  an 
elevation  of  from  2,000  to  5,000  feet  above  the  sea-level— a 
region,  remarks  Prof.  J.  Geikie,  nearly  always  enveloped  in 
steaming  vapors,  and  exposed  to  heavy  rains  in  winter.  In 
that  deposit  is  also  found  the  common  laurel,  associated  with 
the  beech.  This  is  not  now  the  case,  as  the  laurel  requires 
more  shade  than  it  can  find  there  at  the  present,  while  the  beech 
has  retreated  to  the  northern  flanks  of  the  Apennines  to  obtain 
a  cooler  climate. 

In  the  tufas  of  Provence  are  found  groups  the  same  as  those 
which  flourish  there  at  present,  but  commingled  with  them  are 
also  the  Canary  laurel  and  other  plants  which  are  no  longer 
natives  of  Provence.  Saporta  directs  attention  to  the  fact  that 
species  such  as  the  Aleppo  pine  and  the  olive,  demanding  con- 
siderable summer-heat  rather  than  a  moist  climate,  are  entirely 
wanting  in  the  tufas. 

Similar  to  those  of  Provence  are  the  tufas  of  Montpellier. 
Saporta  concludes  that  when  all  those  species  lived  together  the 
climate  must  necessarily  h^iveh^Qn  more  equable  and  humidih^kXi 
at  present.  In  other  words,  the  summers  were  not  so  dry  and 
the  winiers  were  milder  than  they  are  now. 

The  deposit  near  Moret,  in  the  valley  of  the  Seine,  is  still 
more  remarkable  in  showing  the  equable  condition  of  climate 
which  than  prevailed.  The  assemblage  of  plants  found  there 
tells  a  tale,  says  Prof.  J.  Geikie,  which  there  is  no  possibility 
of  misreading.  **  Here,"  he  says,  "  we  have  the  clearest  evidence 
of  a  genial,  humid,  and  equable  climate  having  formerly  char- 
acterized Northern  France.  The  presence  of  the  laurel,  and 
that  variety  of  it  which  is  most  susceptible  to  cold,  shows  us 
that  the  winters  must  have  been  mild,  for  this  plant  flowers 
during  that  season,  and  repeated  frosts,  says  Saporta,  would 
prevent  it  reproducing  its  kind.  It  is  a  mild  winter  rather 
than  a  hot  summer  which  the  laurel  demands,  and  the  same 
may  be  said  of  the  fig-tree.  The  olive,  on  the  other  hand,  re- 
quires prolonged  summer  heat  to  enable  it  to  perform  its  vital 
functions.  Saporta  describes  the  fig-tree  of  the  La-Celle  tufa  as 
closely  approximating,  in  the  size  and  shape  of  its  leaves  and 
fruit,  to  that  of  the  tufas  in  the  south  of  France,  and  to  those  of 
Asia  Minor,  Kurdistan  and  Armenia.  But  if  the  winters  in 
Northern  France  were  formerly  mild  and  genial,  the  summers 
were  certainly  more  humid,  and  probably  not  so  hot.  This  is 
proved  by  the  presence  of  several  plants  in  the  tufa  of  La-Celle 
which  cannot  endure  a  hot  arid  climate,  but  abound  in  the  shady 
woods  of  Northern  France  and  Germany." 

The  plants  found  in  the  tufas  of  Canstadt  are  much  similar 
to  those  of  Moret.  Mr.  Howorth,  in  regard  to  the  deposits  of 
those  places,  says :  **  The  coexistence  of  the  species  found  there, 
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remarks  M.  Saporta,  proves  very  clearly  that,  .notwithstanding 
the  variations  dae  to  latitude,  Europe,  from  the  Mediterranean 
to  its  central  districts,  offered  fewer  contrasts,  and  was  more 
uniform  than  it  is  now.  A  more  equable  climate,  damp  and 
clement,  allowed  the  Acer  pseudo-platant^s  and  the  fig  to  live 
associated  together  near  Paris,  as  it  allowed  the  reindeer  and 
bysena.     The  Acer  grows  with  difficulty  now  where  the  Ficus 

ffrows  wild,  while  the  latter  has  to  be  protected  in  winter  in  the 
atitude  of  Paris."* 

Equally  conclusive  is  the  testimony  borne  by  the  Mollusca 
of  the  tufas.  In  the  tufas  and  marls  of  Moret,  in  the  valley  of 
the  Seine,  thirty-five  species  were  discovered.  The  majority 
of  these  must  have  lived  in  damp  and  shady  places,  in  the 
recesses  of  moist  woods,  and  on  the  leaves  of  marsh-plants. 
The  shells,  M.  Tournouer  concludes,  bespeak  a  condition  of 
climate  more  uniform,  damp,  and  equable  than  now  prevails  in 
that  region,  with  a  somewhat  higher  mean  annual  temperature. 
In  the  alluvial  deposits  of  Canstadt,  in  Wurtemberg,  a  class 
of  shells  indicating  a  similar  condition  of  climate  has  been  dis- 
covered. 

The  evidence  furnished  by  the  animals  found  most  abundant- 
ly with  the  Mammoth  in  Europe  and  Siberia,  Mr.  Howorth 
thinks,  points  to  the  same  conclusion  as  that  of  the  plants  and 
mollusca. 

The  same  mild  and  equable  condition  which  allowed  of  the 
Mammoth  living  in  Northern  Siberia  during  Pleistocene  times 
thus  equally  prevailed  over  the  whole  of  Europa  We  have  seen 
that,  according  to  the  Physical  theory,  this  condition  of  climate 
was  in  every  respect  precisely  what  it  ought  to  have  been  on 
the  supposition  that  it  was  interglacial.  It  was  a  condition 
mild,  equable,  uniform,  humid,  and  of  a  higher  mean  annual 
temperature  than  we  have  at  the  present  day.  There  is,  how- 
ever, direct  and  positive  evidence  that  this  condition  of  climate 
was  interglacial ;  for  the  facts  both  of  geology  and  of  paleontol- 
ogy show  that  it  was  preceded  and  succeeded  by  a  state  of  things 
of  a  wholly  opposite  character. 

The  Mammoth  Olacial  as  well  as  Interglacial — Although  the 
Mammoth  could  have  lived  in  Arctic  Siberia  only  during  an  in- 
terglacial period,  it  does  not  follow  that  it  must  have  perisheil 
during  the  succeeding  glacial  period.  When  the  cold  came  on, 
and  the  vegetation  on  which  it  subsisted  began  to  disappear,  it 
would  move  southward,  and  would  continue  its  march  as  the 
cold  and  severity  of  the  winters  increased.  During  the  con- 
tinuance of  the  ten  or  twelve  thousand  years  of  Arctic  condi- 
tions it  would  find  in  Southern  Europe  and  elsewhere  places 
where  it  could  exist     At  the  end  of  the  cold  period,  and  when 

*Geol.  Mag.,  June,  1881. 


Digitized  by 


Google 


810  J.  OroU — Arctic  Interglacial  Periode. 

the  climate  again  began  to  grow  mild  and  equable,  it  would  re- 
trace its  steps  northward.  There  is,  however,  little  doubt  that 
during  the  severity  of  a  glacial  period,  and  when  necessarily 
confined  to  a  more  limited  area,  its  numbers  would  be  greatly 
diminished.  There  is  every  reason  for  believing  that  the  Mam- 
moth outlived  all  that  succession  of  cold  and  warm  periods 
known  as  the  Glacial  epoch  proper,  and  did  not  finally  disappear 
till  recent  post-glacial  times. 

It  was  probably  about  the  commencement  of  a  cold  period, 
and  before  the  Mammoth  had  retreated  from  Northern  Siberia, 
that  those  individuals  perished  whose  carcasses  have  been  found 
frozen  in  the  clifis.  The  way  in  which  they  probably  perished 
and  became  imbedded  in  the  frozen  ice  and  mud,  has,  I  think, 
been  ingeniously  shown  by  Dr.  Rae.* 

Arctic  America  during  interglacial  times. — We  have  seen  that 
the  eastern  continent  in  Pleistocene  times  enjoyed  in  the 
Arctic  regions  interglacial  conditions  of  climate.  It  is  true 
that  on  the  western  continent  we  have  not  in  Arctic  regions 
such  clear  and  satisfactory  evidence  of  an  interglacial  period. 
But  it  would  be  rash  to  infer  from  this  that  the  western  con- 
tinent was,  in  this  respect,  less  favored  than  the  eastern.  That 
we  should  find  less  evidence  at  the  present  day  of  former 
interglacial  periods  in  Arctic  America  than  Arctic  Asia,  is 
what  is  to  be  expected,  for  the  glaciation  which  succeeded 
interglacial  periods  has  been  far  more  severe  in  the  former 
region  than  in  the  latter.  The  remains  of  the  Mammoth  have, 
however,  been  found  in  Arctic  America,  in  ice-cliflFs  at  Kdtze- 
bue  Sound,  under  conditions  exactly  similar  to  those  of  Siberia. 

In  Banks's  Land,  Prince  Patrick's  Island,  and  Melville  Island, 
as  in  Northern  Siberia,  full-grown  trees  have  been  found  in 
abundance  at  considerable  distance  in  the  interior,  and  at  ele- 
vations of  two  or  three  hundred  feet  above  sea  leveh  The 
bark  on  many  of  them  was  in  a  perfect  state.  Captain  McGlure, 
Captain  Osborn,  and  Lieutenant  Mecham,  by  whom  they  were 
found,  all  agreed  in  thinking  that  they  grew  in  the  place  where 
they  were  found. 

It  is  true  that  more  recent  Arctic  voyagers  have  come  to 
the  conclusion  that  these  trees  must  have  been  drifted  down 
the  river  from  the  south.  There  can  be  little  doubt  that  the 
greater  part  of  the  wood  found  there,  as  in  Siberia,  is  drift- 
wood. But  may  there  not  be,  also,  as  in  Siberia,  two  kinds 
of  wood? — a  "Noashina"  and  a  "  Adamshina,"  a  kind  which 
was  drifted  and  another  kind  which  grew  on  the  spot.  This  is 
a  point  which  will  require  to  be  determined. 

That  so  little  has  as  yet  been  done  in  the  way  of  searching 
for  such  evidence  of  interglacial  periods,  is,  doubtless,  in  a 

•PhU.  Mag.  for  July,  1874,  p.  60. 
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great  measure  dae  to  the  fact  that  most  of  those,  if  not  all,  who 
have  visited  those  regions  entertained  the  belief  that  there  is  an 
d  priori  improbability  that  a  condition  of  climate  which  would 
have  allowed  the  growth  of  trees  in  such  a  place  prevailed  so 
recently  as  Post-tertiary  times.  Even  supposing  those  Arctic 
voyagers  had  considered  the  finding  of  interglacial  deposits  a 
likely  thing,  and  had  in  addition  made  special  search  for  them, 
the  simple  fact  that  they  should  have  failed  to  find  any  trace 
of  them  could  not,  as  we  have  already  shown,  be  regarded  as 
even  presumptive  evidence  that  none  existed.  Take  Scotland 
as  an  example.  Abundant  relics  of  intergiacial  age  have  there 
been  found  from  time  to  time ;  but  among  the  many  geolo- 
giste  who  visit  that  country  year  by  year,  how  few  of  them 
have  the  good  fortune  of  discovering  a  single  relic.  In  fact,  a 
geologist  might  search  for  months,  and  yet  fail  to  meet  with  an 
interglacial  deposit.  The  reason  is  obvious.  The  last  ice- 
sheet,  under  which  Scotland  was  buried,  was  so  enormous  as  to 
remove  every  remnant  of  the  preceding  interglacial  land- 
surface,  except  here  and  there  in  deep  sheltered  hollows,  or  in 
spots  where  it  may  happen  to  have  been  protected  from  the 
grinding  power  of  the  ice  by  projecting  rocks.  But  all  those 
places  are  now  so  completely  covered  with  bowlder-clay 
and  other  deposits  that  it  is  onlv  in  the  sinking  of  pits, 
quarries,  in  rail  way -cuttings,  and  other  deep  excavations  that 
traces  of  them  accidentally  turn  up.  Now  if  it  is  so  difficult  to 
find  in  temperate  regions,  in  a  place  like  Scotland,  interglacial 
remains,  bow  much  more  difficult  mast  it  be  to  meet  with  them 
in  Arctic  regions  where  the  destructive  power  of  the  ice  must 
have  been  so  much  greater. 

Something  like  indications  of  an  interglacial  period  appear 
to  have  been  found  by  Professor  Nordenskjold  in  Spitzbergen. 
"In  the  interior  of  Ice-fjord,"  he  says,  "and  at  several  other 
places  on  the  coast  of  Spitzbergen,  one  meets  with  indications 
either  that  the  polar  tracts  were  less  completely  covered  with 
ice  during  the  glacial  era  than  is  usually  supposed,  or  that,  in 
conformity  with  what  has  been  observed  in  Switzerland,  inter- 
glacial periods  have  also  occurred  in  the  polar  regions.  In 
some  sandbeds  not  very  much  raised  above  the  level  of  the  sea 
one  may,  in  fact,  find  the  large  shells  of  a  mussel  {Mytilua 
edulis)  still  living  in  the  waters  encircling  the  Scandinavian 
coast.  It  is  now  no  longer  found  in  the  sea  around  Spitz- 
bergen, having  been  probably  routed  out  by  the  ice-masses 
constantly  driven  by  the  ocean-currents  along  the  coasts."* 

This  testimony  is  the  more  valuable  as  it  is  given  by  an 
experienced  geologist  so  much  opposed  to  the  theory  of  inter- 

*"  On  former  Climate  of  Polar  regions,"  Qeol.  Mag.,  Nov.  1875,  p.  631.  See 
ftlBO  •*  Geology  of  Spitzbergen,"  Geol.  Mag.,  1876,  p.  267. 
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fflacial  periods.  A  more  special  and  thoroagh  search  of  those 
beds  might  probably  reveal  further  indications  of  interglacial 
age. 

Was  Oreenland  free  from  Ice  during  any  of  the  Interglacial 
Periods? — There  is  nothing  whatever  improbable  in  the  sup- 
position that  daring  some  of  the  earlier  interglacial  periods, 
when  the  eccentricity  was  about  a  maximum,  the  ice  might 
have  completely  disappeared  from  Greenland,  and  the  country 
become  covered  with  vegetation. 

Mr.  Wallace  thinks  that  the  existence  at  present  of  an  ice- 
sheet  on  Greenland  is  to  be  explained  only  by  the  fact  that  cold 
currents  from  the  polar  area  flow  down  both  sides  of  that  conti- 
nent. He  further  thinks  that  could  these  two  Arctic  currents 
be  diverted  from  Greenland,  **  that  country  would  become  free 
from  ice,  and  might  even  be  completely  forest-clad  and  habit- 
able."* 

I  am  inclined  to  agree  with  Mr.  Wallace  in  thinking  that 
the  withdrawal  of  the  two  cold  currents  in  question  would 
eflFectually  remove  the  ice.  We  know  that  Grreenland  is  at 
present  buried  under  ice,  as  has  been  shown  on  former  occa- 
sions, simply  because  there  happens  to  be  about  two  inches 
more  of  ice  annually  formed  than  is  actually  melted.  It  cer- 
tainly would  not  require  any  very  great  change  in  the  present 
physical  and  climatic  conditions  of  things  to  melt  two  additional 
inches  per  annum.  If  this  were  done  the  ice  would  ultimately 
disappear.  A  simple  decrease  in  the  volume  of  the  two 
currents  might  possibly  bring  about  such  a  result  A  cause 
more  effectual  would,  however,  be  an  increase  in  the  tempera- 
ture and  volume  of  the  Arctic  branch  of  the  Gulf-stream. 

Note. — This  will  probably  be  my  last  paper  on  questions 
relating  to  geological  climata  There  are  many  points  1  should 
have  wished  to  consider  more  fully,  but  advancing  years  and 
declining  health  have  rendered  it  necessary  for  me  to  abandon 
the  subject  altogether  in  order  to  be  able  to  finish  some  work, 
in  a  wholly  diflFerent  field  of  inquiry,  which  has  been  laid  aside 
for  upwards  of  a  quarter  of  a  century. 

**IslandLi£e,'p.  149. 
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Abt.  XLII. — Notes  on  some  apparently  undescnhed  forms  of 
Fresh-water  Infusoria,  No,  2  ;*  by  Dr.  Alfred  0.  Stokes. 
With  Plate  III. 

The  subjoined  fresh-water  Infusoria  which,  so  far  as  I  am 
able  to  ascertain,  have  not  been  previously  observed  and  are 
consequently  undescribed,  have,  with  a  single  exception,  been 
obtained  from  the  shallow  ponds  and  streams  of  New  Jersey. 
That  they  are  restricted  to  that  locality,  however,  is  not  probable. 

PhysomoThas  vestita^  sp.  nov. 

Body  subglobose,  the  anterior  truncation  obsolete;  the  entire 
surface  clothed  with  a  thin,  mucilaginous,  finely  granular  in- 
vestment ,  through  which  penetrate  numerous  delicate,  flexible,' 
ray-like  bodies  apparently  adherent  to  all  points  of  the  surface ; 
endoplasm  granular;  long  flagellum  flexible,  the  distal  extrem- 
ity arcuately  curved,  twice  the  diameter  of  the  body  in  length, 
the  secondary  one  one-fourth  that  length,  and  vibratile;  pedicle 
filiform,  flexible,  four  times  the  diameter  of  the  body  in 
length ;  contractile  vesicles  two,  situated  close  to  and  slightly  in 
advance  of  the  median  line;  a  linear,  slightly  curved  band  or 
groove  near  the  frontal  margin  of  the  body.  Diameter  of  the 
zooid  YTjVr  i^^ch.  Habitat. — Pond-water,  with  Myriophyllum. 
Solitary. 

In  two  particulars  this  species  diflfers  from  the  hitherto  single 
known  member  of  the  genus  s — in  the  absence  of  the  truncated 
anterior  border,  and  in  presence  of  a  linear,  dark-bordered  band 
or  depression  near  the  frontal  margin,  as  exists  in  Spumella.  In 
structure,  habits  and  other  essential  characteristics  it  is  a  Phy- 
somonas.  Influenced,  however,  by  what  I  at  first  interpreted 
to  be  ray-like  pseudopodia,  I  was  not  disposed  to  relegate  it  to 
any  previously  instituted  genus,  but  felt  compelled  to  form  for 
its  reception  a  new  generic  niche  in  the  order  Radio-Flagellata. 
Subsequent  study,  however,  dispelled  that  idea  and  proved  the 
animalcule  to  be  an  undescribed  species  of  Physomonas.  The 
radiating  bodies  project  from  all  parts  of  the  cuticular  surface, 
and  possess  some  of  the  characters  of  what  Dr.  Leidy,  in  his  mono- 
graph on  the  fresh-water  Rhizopoda,  has  styled  **  cils,"  being,  in 
this  instance  permanent,  non -vibratile,  hair-like  prolongations 
which  need  only  to  assume  a  rapid  movement  to  become  the 
familiar  cilia.  These  spicular  oodies  have  no  circulation  of 
their  substance  as  do  true  pseudopodia  emitted  by  the  Rhizop- 
oda and  some  of  the  lowest  of  the  Infusoria ;  they  are  not  re- 
tractile, neither  do  they  take  any  part  in  the  capture  of  food,  as  in 
members  of  the  Radio-Flagellata  where  the  nutritive  particle, 
*  See  this  Journal,  xxviii,  39,  Julj,  1884. 
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dashed  down  by  the  short  flagellum,  is  seized  by  one  or  more 
of  the  pseudopodic  projections  and  drawn  into  the  body.  With 
this  form  the  food,  thrown  down  by  the  action  of  the  short 
flagellum,  enters  at  any  part  of  the  surface,  usually  near  the 
base  of  the  flagella,  where  the  part  opens,  the  mucilaginous  in- 
vestment and  the  adherent  spicules  moving  outwardly  on  what 
appears  to  be  a  delicate  cuticle,  a  wave-like  outflow  of  the 
endoplasm  surrounds  the  particle  and  draws  it  into  the  body 
enclosed  in  a  large  drop  of  water.  In  length  these  outicular 
spicules  are  little  shorter  than  the  short  flagellum. 

The  nucleus  is  indistinct  and  presumably  centrally  placed, 
although  it  was  not  positively  identified.  The  two  contractile 
vesicles  pulsate  alternately,  and  are  distinctly  apparent.  The 
animalcule  is  shown  in  fig.  1,  Plate  III. 

Bicosoeca  Upteca^  sp.  nov. 

Loricft  sub-cylindrical,  three  times  as  large  as  broad,  truncate 
and  slightly  narrowed  anteriorly  into  an  inconspicuous  neck, 
somewhat  inflated  centrally,  thence  gradually  tapering  to  the 
acute  point  of  attachment  to  the  pedicle  whose  length  is  equal 
to  the  greatest  width  of  the  lorica ;  animalcule  ovate,  with  the 
usual  oblique  frontal  border,  the  two  diverse  flagella  and  the 
eccentrically  attached  contractile  ligament,  the  extended  body 
projecting  out  a  short  distance  beyond  the  lorica;  pulsating 
vesicles  two;  nucleus  sub-centrally  placed.  Length  of  lorica 
jtW  *o  t^  5n<5h ;  width  -^^ ;  height  of  pedicle  ^^.  Hab- 
itat— Pond-  water,  with  Myriophyllum  and  Alg». 

This  minute  creature  is  among  the  largest,  if  not  the  largest 
of  the  genus,  the  loricse  of  the  hitherto  known  species  measur- 
ing from  the  3^^  to  the  77^  inch  in  height,  the  one  usuallv 
extending  to  the  ^^^^  inch  is  at  times  found  to  produce  a  sheath 
*^Q^  inch  high,  thus  in  its  most  luxuriant  growth  only  equal- 
ling the  ordinary  proportion  of  Bicosceca  l^teca,  which  conse- 
quently becomes  the  most  gigantic  of  those  yet  recorded. 
From  the  only  8wee^  water  species,  B.  Icumstris  J. -Clk.,  hitherto 
observed  as  a  resident  in  American  lakes,  it  differs  so  widely 
that  to  designate  the  points  of  dissimilarity  would  necessitate  an 
extended  description  of  the  form  here  used  in  comparison. 
The  loricsB,  as  is  so  common  with  those  of  the  Vaginicolina,  fre- 
quently change  from  the  hyaline  condition  of  youth  to  a  semi- 
opaque  chestnut-brown  coloration  of  maturity  and  old  age  ;  and 
occasionally  a  deserted  lorica  is  observed  that,  judging  from 
this  change  of  tint,  is  neither  young  nor  mature,  for  the  pos- 
terior half  has  assumed  a  translucent,  chestnut  hue  while  the  re- 
maining portion  is  as  colorless  as  when  first  secreted.  Arguing 
from  this  alteration,  it  is  probable  that  the  chemical  composition 
of    these  sheaths  is  similar  to   those  of    the   Yaginicolina, 
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and  the   pedicles  of  some  of  the  Choano-Flagellata,  in  all  of 
which  the  change  has  been  observed. 
The  species  is  shown  in  fig.  2. 

Bicosceca  leptostoma^  sp.  nov. 

Lorica  elongate-ovate  or  subfusiform,  three  times  as  long  as 
broad,  tapering  anteriorly  to  a  short  neck-like  portion,  the 
aperture  very  narrow,  the  margins  not  everted,  the  posterior 
half  tapering  to  the  pedicle  whose  length  is  equal  to  one-half 
the  greatest  width  of  the  lorica;  animalcule  ovate  or  subpyri- 
form,  occupying  the  anterior  half  of  the  sheath,  being  entirely 
enclosed,  with  the  exception  of  the  long,  lip-like  projection  ex- 
tending beyond  the  aperture ;  contractile  vesicles  two,  pos- 
teriorly placed;  nucleus  anteriorly  situated.  Length  of  lorica 
j  A5  incn  ;  height  of  pedicle  -jnAnr*  Pond-water ;  attached  to 
Myriophyllum  and  Algse.     Gregarious. 

This  form  most  closely  resembles  that  of  the  salt-water 
Bicosceca  tenuis  S.-K.,  and  may  be  considered  its  fresh-water  rep- 
resentative ;  resembling  it  also  in  the  proportion  borne  by  the 
width  of  the  lorica  to  the  length,  and  in  the  short  distance  to 
which  the  extended  animal  protrudes  itself,  but  diflFering  in 
size,  length  of  pedicle  and  in  the  form  of  the  enclosed  zooid. 
The  narrow,  lip-like  prominence  being  the  only  portion  of  the 
body  which  extends  beyond  the  lorica,  it  receives  and  accepts 
or  rejects  all  food  particles  thrown  upon  it  by  the  flagella.  It 
is  usually  held  arcuately  curved,  unwelcome  particles  commonly 
traversing  its  concavity  to  escape,  as  though  urged  by  a  strong 
current,  acceptable  matters  being  engulfed  by  an  advancing 
wave  of  sarcode.     The  animalcule  is  shown  in  fig.  3. 

Bicosceca  longipes^  sp.  nov. 

Lorica  ovate,  twice  as  long  as  wide,  slightly  narrowed 
anteriorly,  the  margin  not  everted,  tapering  towards  its  junc- 
tion with  the  pedicle  which  is  four  or  five  times  as  long  as  the 
lorica;  enclosed  zooid  subspherical,  extending  but  a  short  dis- 
tance beyond  the  aperture;  contractile  vesicles  two,  posteriorly 
situated.  Length  of  lorica  jA^  inch.  Habitat. — Pond  water; 
attached  to  Myriophyllum.     Solitary. 

With  this  and  the  preceding  species  the  long  fiagellum,  when 
the  retracted  infusorian  withdraws  it  into  the  lorica,  is  spirally 
coiled  as  is  usual  with  all  the  members  of  the  genus,  but  the 
great  diameter  of  the  coil  is  here  horizontal,  so  that  it  appears  to 
rest  by  its  greatest  width  on  the  zooid's  frontal  border.  Since 
my  attention  was  especially  called  to  this  feature  I  have  not 
obtained  a  specimen  of  the  usually  abundant  B.  lacustris  J.  Clk., 
but  with  it,  I  infer  from  Saville-Kent's  remark,  that  the  longest 
diameter  of  the  coiled  flagellum  is  vertical,  so  that  the  narrow 
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edge  of  the  spring-like  spiral  rests  on  the  anterior  border  of  the 
zooid.  Kent's  figure  exhibits  it  correctly  as  it  occurs  in  the 
present  species  and  the  two  preceding  when  about  to  uncoil 
itself,  the  spiral  then  assuming  a  vertical  position,  but  he  re- 
marks that  **  the  longer  of  the  two  flagella,  as  shown  in  fig.  17, 
is  thrown  into  an  elegant  spiral  coil,  reminding  the  observer  of 
the  spirally  retracted  proboscis  of  a  butterfly."  This  is  assured- 
ly not  the  case  in  the  three  species  here  described.*  The  lorica 
and  extended  animalcule  of  Jo.  hugipes  are  shown  in  fig.  4. 

Stylobryon  Abhottiy  sp.  nov. 

LoricsB  conical-cam  pan  ulate,  widest  anteriorly,  not  everted, 
tapering  without  constriction  to  the  pedicle,  twiQe  as  long  as 
broad,  and  united  to  each  other  by  pedicles  about  one-half  as 
long  as  a  single  lorica,  into  the  cavity  of  which  they  are  con- 
tinued, becoming  gradually  attenuated  to  their  extremity,  each 
lorica  usually  bearing  two  loricsB  which  are  apparently  sessile 
on  the  antero-lateral  borders  of  their  supporting  sheath ;  primary 
foot- stalk  about  six  times  as  long  as  a  single  lorica  ;  enclosed 
animalcule  not  conspicuously  changeable  in  shape,  ovate  or 
subspherical,  the  projecting  lip  short;  flagella  two,  the  longer 
scarcely  extending  beyond  the  orifice  of  the  lorica,  to  the  pos- 
terior portion  of  which  the  infusorian  is  confined  by  a  short, 
filamentous,  contractile  ligament ;  pulsa;ting  vesicle  single,  pos- 
teriorly placed;  nucleus  subcentral.  Length  of  individual 
loricae  ^-j^rr  ^^^^  >  ^^  primary  pedicle  t^^  inch.  Habitat. — 
Pond  water;  attached  to  filamentous  Algae  or  other  fine  vege- 
table fibres. 

This  polythecium,  unlike  that  of  Stylobryon  petiolatum  (Duj.) 
S.-K.,  which  it  most  resembles,  is  subject  to  but  little  variation 
in  its  mode  of  colony-building.  As  shown  in  fig.  5,  from 
which  most  of  the  zooids  have  been  intentionally  omitted,  its 
usual  method  is  to  erect  a  cluster  of  tapering,  bell-shaped 
loricsB  by  attaching  two  to  the  frontal  borders  of  the  primary 
sheath  and  continuing  in  this  manner  until  the  polythecium  is 
completed.  Occasionally,  however,  the  first  or  supporting 
lorica  bears  three,  the  third  being  centrally  placed,  but,  so  far 
as  observed,  not  further  continuing  the  tripartite  arrangement 
The  number  of  loricse  composing  the  polythecium  takes  a  con- 
siderable range  with  age.  No  colonies  have  as  yet  been  noted 
with  less  than  six,  neither  has  it  yet  been  my  good  fortune  to 

*  Since  writing  the  above  I  have  seen  Prof.  Clark's  original  article  in  the 
*'  Memoirs  of  the  Boston  Society  of  Natural  History,"  i,  1866,  where,  speaking  of 
B,  gradlUpeSj  he  says :  "  The  only  time  that  the  flagellum  abandons  its  rigid  de- 
portment is  either  when  it  is  assisting  the  lip  to  seize  the  food,  or  during  the 
spasmodic  retrocession  of  the  body.  In  the  latter  case  it  is  abruptly  retracted 
and  coiled  transversely  within  the  calyx  close  down  to  the  truncate  front  of  the 
body."  And  of  the  flagellum  of  B.  lacustris  he  says,  *<  its  flexibility  is  exhibited 
in  the  same  way  as  in  the  other  species." 


Digitized  by 


Google 


A.  C,  Stoker — Fresh-water  Infusoria.  317 

obtain  one  of  these  beautiful  polythecia  exhibiting  more  than 
the  thirty-one  which  composed  the  colony  shown  in  the  figure. 
The  loricee,  like  those  of  Bkosoeca  lepteca  referred  to  on  a  pre- 
vious page,  are  remarkable  for  the  great  apparent  facility  with 
which  they  change  their  hyaline  condition  to  a  translucent  but 
deep  chestnut-brown  coloration.  As  in  the  Bicosoeca,  again, 
this  is  occasionally  accomplished  so  early  that  in  some  poly- 
thecia, although  the  terminal  loricsa  have  seemed  to  be  incom- 
plete, yet  their  posterior  portions  have  become  brown  while 
the  remainder,  apparently  in  process  of  formation,  has  been 
colorless  and  transparent. 

In  general  appearance  this  form  resembles  Styhhryon  petio- 
latum,  differing,  as  has  been  stated,  in  being  less  variable  in  the 
manner  of  building  up  its  polythecium,  in  the  shape  and  pos- 
terior position  of  the  enclosed  zooids,  in  the  more  conical  form 
of  the  individual  loricse,  and  especially  in  their  much  smaller 
size,  those  of  &  peliolaium  measuring  from  -y-J-^-  to  -g-J-j-  inch, 
while  with  the  present  species  none  greater  than  -oVo"  ^^^^  hsive 
been  observed. 

It  gives  me  pleasure  to  dedicate  the  species  to  my  friend  Dr. 
;  Charles  C.  Aboott,  the  well-known  archaeologist  and  naturalist, 

[  near  whose  farm  the  beautiful  colonies  were  originally  obtained. 

^  It  seems  appropriate  that  the  species  should  bear  his  name, 

since  its  habitat  was  the  still  waters  of  that  attractive  region, 
the  vertebrate  life  of  whose  upland  and  meadow  Dr.  Abbott 
has  described  so  charmingly  in  his  ^'Rambles  of  a  Naturalist 
about  Home,^^  and  on  whose  fields  and  hillsides  he  has  discovered 
so  many  evidences  of  paleolithic  occupants,  and  so  many 
specimens  of  their  handiwork. 

TiUina  helia^  sp.  nov. 

Body  somewhat  bean-shaped,  or  sub-elliptical  with  an  anterior- 
ly situated  ventral  concavity ;  twice  as  long  as  broad,  slightly 
widest  posteriorly,  longitudinally  striate  and  entirely  ciliate,  the 
cilia  of  the  posterior  extremity  longest  and  most  conspicuous, 
the  anterior  and  posterior  borders  evenly  rounded,  the  former 
somewhat  curved  toward  the  ventral  aspect;  oral  aperture 
elongate-ovate,  obliquely  set  within  the  anterior  ventral  con- 
cavity, followed  by  short,  recurved,  ciliated  pharynx;  contractile 
vesicle  single,  situated  back  of  the  body-centre  in  the  right-hand 
lateral  border,  often  leaving  after  systole  a  rosette  of  small 
vacuoles  which  finally  coalesce;  anal  aperture  opening  on  the 
ventral  surface  near  the  posterior  extremity;  nucleus  large, 
ovate,  subcentrally  situated.  Length  of  body  -^  inch.  Habitat. 
Standing  water,  with  Algae. 

Although  the  nucleus  is  correctly  referred  to  as  being  sub- 
centrally  placed,  its  position  in  reference  to  any  special  region 

Am.  Joub.  Sol— Thibd  Sebies,  Vol.  XXIX.  No.  172.— Apbil,  1885 
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is  not  constant.  At  times  it  is  near  and  central  to  the  dorsum, 
at  others  it  is  almost  exactly  in  the  center  of  the  body,  and 
occasionally  it  is  found  near  the  middle  of  the  ventral  surface. 
The  majority  of  individuals  examined  had  this  important  organ 
situated  as  shown  in  fig.  21,  where  it  would  seem  to  be  in  its 
normal  position. 

Debbptxis  {Ssprjy  neck^  nvSt^^  box),  gen.  nov. 

Animalcule  single,  inhabiting  a  pedicellate,  flask-shaped 
lorica  to  which  it  is  in' no  way  attached;  zooid  subspherical, 
enclosing  two  laterally  disposed  color-bands  ;  flagella  two,  sub- 
equal,  rising  from  the  center  of  the  anterior  margin  ;  contractile 
vesicles  two ;  pharynx  presumably  represented  by  a  small, 
colorless  space  at  the  base  of  the  flagella. 

This  is  near  Stein's  Chrysopyxis,  resembling  it  in  the  form 
of  the  enclosed  zooid,  its  biflagellate  condition  and  its  entire 
freedom  within  the  protecting  sheath;  but  differing  in  the 
constantly  pedicellate  character  of  the  lorica,  the  latter,  in  the 
genus  instituted  by  the  German  authority,  being  sessilely 
attached  to  its  support.  The  development  of  a  conspicuous 
footstalk  to  the  sheath  of  Derepyxis  is  sufficient  to  relegate  its 
possessor  to  a  new  genus.  The  infusorian  that  habituallv  pro- 
duces a  pedicle  before  it  secretes  its  lorica,  is  a  little  higner  in 
the  scale  than  one  that  develops  a  sessile  lorica. 

Derepyom  amphora,  sp.  nov. 

Lorica  flask-shaped,  transparent,  two  and  one-half  to  three 
times  as  long  as  wide,  narrowed  posteriorly  and  produced 
anteriorly  in  a  cylindrical  neck-like  portion  one-fifth  the  entire 
lorica  in  length,  its  circular  border  truncate,  not  everted; 
pedicle  short,  thick,  about  one-tenth  the  length  of  the  lorica; 
enclosed  animalcule  occupying  the  center  of  the  sheath,  sub- 
spherical,  somewhat  compressed,  the  anterior  border  slightly 
pointed,  this  part  usually  colorless;  the  endoplasm  with  two, 
broad,  lateral,  greenish-yellow  bands;  flagella  even,  diverging, 
and  projecting  for  a  considerable  distance  beyond  the  lorica; 
nucleus  not  observed  ;  contractile  vesicles  two,  postero- terminal, 
pulsating  alternately.     Eeproduction   by   longitudinal  fission. 


Height  of  lorica  -^-^  inch  ;   length  of  enclosed  zooid  -^^^^  to 
Tj-^.     Habitat. — rond  water;  attached  to  algal  filaments. 
This  interesting  creature  occurs  in  considerable  numbei*son 


the  finer  filamentous  fresh-water  Algse.  The  lateral  color- 
bands  are  very  broiul,  often  appejiring  to  surround  the  entire 
body,  a  high  amplification  in  such  instances  being  required  to 
demonstrate  the  narrow  chink  of  colorless  endoplasm  separating 
them  longitudinally.  The  tint  of  these  bands  is  a  greenish- 
yellow  deeping  to  a  darker  green  at  the  periphery.     The  infu- 
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8orian  is  conspicuously  gregarious  in  habii.      It  is  shown  in 
fig.  6. 

Derepyxis  oUula^  sp.  nov. 

Lorica  broadly  flask-shaped,  one  and  one-half  times  as  long 
as  broad,  centrally  subspherical,  slightly  narrowed  at  the  pos- 
terior extremity,  the  neck-like  portion  subcylindrical,  one- 
fourth  as  long  as  the  entire  lorica,  the  circular  border  not 
everted;  pedicle  short,  stout,  in  length  about  one-eighth  the 
entire  height  of  the  lorica;  enclosed  zooid  spherical,  the  ante- 
rior border  rounded;  lateral  color  bands  as  in  D,  amphora; 
flagellaof  equal  length  ;  contractile  vesicles  posteriorly  located, 
but  not  terminal.  Height  of  lorica  y^ts  inch;  diameter  of 
enclosed  zooid  yAtt-  Reproduction  by  longitudinal  fission. 
Habitat — Pond  water;  attached  to  confervoid  filaments.  Soli- 
tary or  few  together. 

This  infusorian  conspicuously  differs  from  the  preceding  in 
the  shape  and  size  of  the  lorica,  and  in  the  more  spherical 
contour  of  the  enclosed  zooid  with  its  evenly  convex  frontal 
border.  The  tint  of  the  color  bands  is  about  that  of  D. 
amphora;  they  are  similarly  broad,  and  also  usually  obscure 
the  colorless  central  sarcode.  The  lorica  and  enclosed  zooid 
are  shown  in  fig.  7.  It  does  not  so  abundantly  ornament  the 
supporting  algal  filament  as  does  D,  amphora^  neither  is  'U,  so 
frequently  met  with  in  the  habitat  preferred  by  both. 

Chilomonas  ovata^  sp.  nov. 

Body  evenly  ovate,  persistent  in  shape,  once  and  one-half  to 
twice  as  long  as  wide,  rounded  posteriorly,  somewhat  narrowed 
anteriorly,  the  frontal  border  obscurely  bilabiate,  theendoplasm 
enclosing  numerous  dark-bordered  corpuscles;  flagella  sub- 
equal,  exceeding  the  body  in  length,  inserted  close  together  at 
the  anterior  apex  ;  contractile  vesicles  two,  pulsating  altern- 
ately, situated  near  the  frontal  margin :  nucleus  posteriorly 
S laced.  Length  of  body  ^J^  to  j-^  inch.  Habitat. — The 
ncterial  pellicle  on  the  surface  of  vegetable  infusions. 
This  form  was  taken  in  abundance  from  the  habitat  men- 
tioned, in  company  with  a  greater  number  of  its  comparatively 
gigantic  relative,  the  Chilomonas  paramcecium  Ehr.  It  is 
readily  distinguishable  from  the  latter  by  its  much  smaller 
size,  it  indeed  being  the  most  minute  fresh-water  species  yet 
recorded,  by  its  long  flagella,  and  particularly  by  the  presence 
of  two  contractile  vesicles,  and  the  almost  obsolete  bilabiation 
of  the  frontal  apex.  The  latter  is  so  obscure,  the  border  at 
times  even  appearing  to  be  slightly  pointed,  and  the  contractile 
vesicle  is  so  conspicuously  double,  that  I  have  with  some  hesi- 
tation identified  the  infusorian  as  a  member  of  the  genus  Ohilo- 
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monas,  but  the  other  characteristics  are  so  marked  that  it  woald 
seem  preferable  to  slightly  modify  the  generic  diagnosis  rather 
than  to  institute  a  new  genus  for  its  reception. 

The  dark-bordered  corpuscles  so  numerous  within  this  find 
(7.  paramcecium,  are  of  an  amylaceous  nature,  as  is  proved  by 
their  change  to  arf  intensely  blue  color  when  the  animalcule  is 
killed  with  iodine.  The  nucleus  is  usually  so  completely 
hidden  by  these  superposed  starchy  corpuscles  that  it  is  posi- 
tively located  with  difficulty.  In  several  individuals,  however, 
these  bodies  have  chiefly  collected  in  the  anterior  portion  of 
the  zooid,  in  which  cases  what  I  have  taken  to  be  the  nucleus 
has  been  left  in  an  almost  subterminal  position.  The  mature 
animalcule  is  shown  in  fig.  8. 

Reproduction  is  accomplished  by  conjugation  followed  by 
encystment  and  quadruple  subdivision.  Union  takes  place  by 
the  adhesion  of  the  two  frontal  borders,  the  body  contents  of 
one  animalcule  slowly  passing  into  and  mingling  with  those  of 
the  other,  the  latter  gradually  assuming  a  spherical  form  and 
exhibiting  four  actively  moving  flagella,  as  in  fig.  9.  That  the 
zooids  possess  a  distinct  cuticular  investment  is  proved  during 
this  process  of  protoplasmic  transfer,  for  at  that  time,  as  shown 
in  fig.  10,  the  posterior  portion  of  the  cuticular  coat  is  left 
empty,  the  space  slowly  increasing  in  size  until  after  the  con- 
jugation has  been  consummated;  the  completely  vacated  cuti- 
cular sac  adheres  to  the  quadriflagellate  spherical  result  of  the 
genetic  union,  as  shown  in  fig.  9,  whence  it  gradually  melts 
away.  The  ultimate  fate  of  the  flagella  I  could  not  positively 
determine ;  my  impression  is,  however,  that  they  are  absorbed. 
They  remain  visible  and  active  for  a  considerable  time  after 
conjugation;  in  one  instance  a  single  flagellum  did  not  entirely 
disappear  until  fission  in  one  plane  had  been  almost  completed. 
The  cuticular  surface  of  the  united  animalcules,  swollen  into  a 
sphere,  becomes  the  cyst  wall  within  which  quadruple  division 
takes  place,  the  four  young  zooids  thus  formed  differing  from 
the  mature  infusorian  apparently  in  size  only. 

In  a  single  instance,  previous  to  the  union  of  the  frontal  bor- 
ders, the  four  flagella  became  fused  into  two,  after  which  I  sup- 
pose the  reproductive  process  proceeded  as  just  described,  but 
as  I  neglected  to  supply  the  water  lost  by  evaporation  from  be- 
neath the  cover  glass,  the  advancing  wave  swept  them  from  the 
field  and  they  were  lost.  Conjugation  and  encystment  have  not 
been  observed  in  the  other  species  of  the  genus,  longitudinal 
tission  prevailing  generally. 

ZoxophyUumJtexiliSy  sp.  nov. 

Body  irregularly  ovate,  lanceolate  or  sub-triangular,  three 
times  as  long  as  broad,  transparent,  lamellate,  very  soft  and 
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flexible,  widest  posteriorly,  tapering  toward  the  anterior  ex- 
tremity which  is  somewhat  curved  toward  the  ventral  aspect; 
the  posterior  margin  obliquely  and  undulately  roundea,  the 
ventral  border  concave,  the  dorsal  one  irregularly  convex,  its 
posterior  region  bearing  two  small,  conical  elevations;  the  cu- 
ticular  surface  furrowed  lengthwise,  often  thrown  into  longitu- 
dinal folds,  entirely  ciliated,  the  cilia  of  the  anterior  extremity 
somewhat  longest  and  most  conspicuous:  oral  aperture  opening 
subterminally  on  the  ventral  surface  ;  contractile  vesicles  three 
or  more,  the  largest  one  postero-terminal,  the  others  small  and 
scattered;  nucleus  moniliform,  the  nodules  irregularly  ovate, 
centrally  situated;  trichocysts  apparently  wanting.  Length 
of  body  T|^  inch.  Habitat. — The  bacterial  pellicle  on  the  sur- 
face of  an  infusion  of  dead  leaves. 

The  movements  of  this  infusorian  are  slow  and  even,  with 
uncertain  changes  from  one  side  to  the  other,  and  with  equally 
unexpected  contortions  consisting  of  indescribable  twistings 
and  foldings  of  the  body.  The  creature's  remarkably  irregular 
outline  is  made  more  so  by  the  two  little  projections  on  the 
posterior  part  of  the  dorso-lateral  border.  These  are  constantly 
present,  but  vary  somewhat  in  size  and  form.  What  utilitarian 
purpose  they  may  subserve  it  is  difficult  to  conjecture. 

In  a  single  instance  I  have  observed  what  appeared  to  be 
genetic  union  of  two  of  these  animalcules.  The  combination 
resulting  from  this  conjugation  was  almost  indescribably  irreg- 
ular, being  thrown  into  numerous  folds  and  plications  and 
rounded,  projections,  the  entire  creature  exhibiting  the  most 
deliberate  and  grotesque  writhings  and  twistings.  The  separate 
animalcules  were  not  seen  previously  to  this  apparent  union, 
and  so  long  as  I  was  able  to  follow  the  apparent  combination, 
no  change  except  of  form  took  place.  The  normal  contour  of 
the  infusorian  is  shown  in  fig.  11. 

Spiroatomum  loxodes^  8p.  nov. 

Body  elongate-fusiform,  flattened,  six  to  seven  times  as  lonj^ 
as  broad,  widest  centrally,  tapering  slightly  toward  both  the 
anterior  and  posterior  extremities,  the  former  rounded  and 
curved  toward  the  left,  with  a  short  beak-like  projection,  the 
posterior  margin  truncate ;  cuticular  surface  obliquely  striate, 
the  cilia  of  the  anterior  and  posterior  borders  more  conspicuous 
than  those  of  the  general  surface ;  peristome  field  occupying 
about  one-third  of  the  length  of  the  body ;  nucleus  moniliform, 
the  nodules  ovoid ;  contractile  vesicle  extending  through  the 
entire  length  of  the  right-hand  border,  with  a  conspicuous  pos- 
terior dilatation ;  anal  aperture  postero-terminal.  Length  of 
body  -gV  ^^  tV  i^ch.     Habitat. — Pond  water  in  Western  New 
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Iq  external  contour  this  creature  bears  a  striking  resemblance 
to  Loxodes,  and  might  readily  be  mistaken  for  a  member  of 
that  genas  when  casually  examined  with  a  low  power  of  the 
microscope.  In  its  own  genus  it  approaches  nearest  to  Spires- 
tomum  teres  C.  &  L.,  which  is  without  the  acutely  pointed  sinis- 
tral curvature  of  the  anterior  margin,  and  differing  also  specifi- 
cally in  the  presence  of  a  moniliform  instead  of  a  single  ovoid 
nucleus,  and  in  the  proportion  borne  by  the  width  of  the  body 
to  the  length. 

Reproduction  takes  place  by  transverse  fission  probably  fol- 
lowing conjugation,  as  individuals  have  been  repeatedly  ob- 
tained in  the  latter  condition,  the  union,  as  observed,  being 
effected  by  the  mutual  adhesion  of  the  peristome  fields  through- 
out their  entire  length.  The  free-swimming  infusorian  is  rep- 
resented in  fig.  12. 

Yaginicola  leptosomaj  sp.  nov. 

Lorica  subcylindrical,  three  and  one-half  to  four  times  as  long 
as  broad,  slightly  inflated  centrally,  thence  rapidly  tapering  to 
the  narrow,  truncated  base  of  attachment,  the  lateral  borders  of 
the  posterior  portion  often  undulate,  the  circular  anterior  mar- 
gin not  everted;  animalcule  attached  to  the  lorica  by  a  short 
pedicle,  the  extended  body  narrowly  elongate-conical,  project- 
ing for  from  one-third  to  one-half  of  its  entire  length  beyond 
the  lorica  border,  the  cuticular  surface  finely  striate  transverse- 
ly ;  nucleus  elongate,  band-like.  Length  of  lorica  -j-Jr  i^cli. 
Habitat. — Pond  water;  attached  to  Alg». 

The  lorica  in  form  resembles  that  of  Vaginicola  attenuata 
(From.)  S.-K.,  but  is  just  twice  as  large,  besides  differing  in 
the  proportion  borne  by  the  length  to  the  width.  The  con- 
tracted body  of  V.  attenuata  is  described  as  urn-shaped;  the 
present  species  when  in  that  condition  is  simply  obovate.  The 
surface  of  the  former  is  smooth.  The  cuticular  striations  of  F. 
leptosoyna  are  distinctly  marked.  This  ornamentation  of  the  sur- 
face has  not  been  observed  on  any  of  the  previously  known 
species.  The  nucleus  is  remarkably  elongate,  extending 
through  nearly  the  entire  length  of  the  body.  The  lorica  and 
extended  animalcule  are  shown  in  fig.  13. 

Gothurnia  anniUcUay  sp.  nov. 

Lorica  ovate,  two  and  one-half  times  as  long  as  broad,  the 
posterior  one-fourth  widest  and  somewhat  inflated  yet  tapering 
to  the  pedicle  and  often  undulate,  the  posterior  margin  conspic- 
uously thickened  at  the  point  of  attachment  to  the  foot-stalk, 
the  anterior  three-fourths,  tapering  to  the  circular,  truncated 
margin,  which  is  not  everted ;  pedicle  short,  slightly  narrower 
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than  the  extremity  of  the  lorica,  where  it  is  apparently  widened 
and  continaed  through  the  thickened  wall  as  a  longitudinally 
striate  prolongation  or  footstalk  to  the  enclosed  zooid ;  extend- 
ed animalcule  obconical,  protruding  but  a  short  distance  be- 
yond the  lorica,  the  cuticular  surface  transversely  striate  and 
bearing  near  its  middle  a  narrow,  transverse  ring-like  elevation 
or  ridge.  Length  of  lorica  ^^  inch ;  greatest  width  -r^ ; 
breadth  of  aperture,  i-jV^r  •  Habitat. — Pond  water ;  on  Myno- 
phyllum. 

The  enclosed  animalcule  here  differs  from  all  hitherto  known 
species  in  the  possession  of  a  transversely  striated  cuticular 
surface,  and  the  ridge-like  elevation  encircling  the  central  por- 
tion of  the  body.  These  points  alone  are  sufficient  for  diagno- 
sis, although  the  lorica  also  differs  in  form  from  that  of  any 
previously  described  member  of  the  genua  This  with  the  ex- 
tended animalcule  are  shown  in  fig.  14. 

Liionotus  vesiculosusy  sp.  no  v. 

Body  elongate,  sub-fusiform,  produced  posteriorly  into  a 
tapering,  pointed,  retractile  tail-like  prolongation  equal  to  one- 
fourth  the  length  of  the  entire  bodv,  and  extended  anteriorly 
into  a  narrow,  flattened,  flexible  and  extensile  neck,  about  one- 
half  the  entire  length  of  the  body,  its  frontal  border  slightly 
dilated  and  widened  and  bearing  trichocysts  at  the  tip;  dorsal 
region  rounded,  smooth,  the  ventral  flattened,  longitudinally 
furrowed  and  entirely  ciliated;  nuclei  two,  spherical,  subcen- 
trally  located,  and  apparently  without  a  funiculus;  contractile 
vesicles  numerous,  small,  scattered  throughout  the  cortical 
layer  of  the  body  and  extending  in  a  series  through  the  neck 
and  tail-like  prolongations ;  trichocysts  scattered  in  the  cortex 
of  the  center  of  the  body ;  parenchyma  of  the  entire  animalcule 
slightly  granular.  Length  of  the  extended  body  ^  inch. 
Habitat. — ^Pond  water ;  among  Myriophyllum. 

In  form  this  resembles  Litonotus  Wrzesniowskn  S.-K.,  but  is 
undoubtedly  distinct  The  relative  and  proportionate  length 
of  tail  and  extensile  neck  to  each  other  and  to  the  central 
body,  and  the  form  of  the  caudal  prolongation  are  very  con- 
spicuously different  from  that  of  the  species  dedicated  to  the 
Russian  naturalist;  and  the  trichocysts,  instead  of  being 
arranged  in  a  regular  row  at  the  border  of  the  neck  and 
obliquely  directed,  are  scattered  in  no  apparent  order  through- 
out the  cortical  layer  of  the  central  body  and  at  the  tip  of  the 
neck,  but  not  elsewhere.  This  portion  of  the  internal  struc- 
ture is  of  specific  value.  The  chief  diagnostic  characters,  how- 
ever, in  the  internal  structure,  are  the  presence  of  very  many 
minute,  quickly  and  irregularly  pulsating  contractile  vesicles 
scattered  about  the  cortex,  while  in  the  animalcule  most  resem- 
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bling  it  the  pulsating  vacuole  is  large,  single,  and  located  near 
the  origin  of  the  caudal  extremity.  From  Liionotus  pleurosig- 
ma,  described  by  the  writer  in  the  American  Monthly  Micro- 
scopical Journal  for  July,  1884,  for  which  it  might  perhaps  be 
mistaken  if  observed  only  in  its  contracted  state,  it  differs  in 
greater  extensibility  of  the  neck  and  tail,  in  the  absence  of  the 
funiculus  between  the  two  nuclei,  and  especially  in  the 
arrangement  of  the  contractile  vesicles,  those  of  L.  pleurosigma 
being  disposed  in  two  rows,  one  on  each  side  of  the  body  near 
the  ventral  surface,  while  with  L.  vesicuhsus  they  are  not  only 
more  numerous,  but  are  scattered  throughout  the  body  cortex 
as  well  as  through  the  tail  and  neck. 

Reproduction  is  by  transverae  fission,  the  dividing  plane 
passing  between  the  nuclei  which  have  previously  separated  so 
that,  as  fission  proceeds,  each  part  of  the  animalcule  has  a 
single  endoplast  Each  nuclear  nodule  then  elongates,  quite 
rapidly  divides  transversely,  the  parts  separating  and  becoming 
subspherical  with  some  rapidity,  so  that  before  the  completion 
of  the  reproductive  act,  each  infusorial  moiety  possesses  two 
disconnected  nuclei,  as  did  the  parent  The  mature  infu?orian 
is  shown  in  fig.  15. 

Litonotus  carinatus^  sp.  nov.    . 

Body  elongate-lanceolate,  five  to  six  times  as  long  as  broad, 
extensile  to  a  linear  or  subcylindrical  form  with  vermicular 
movements,  transparent  and  flexible,  the  tail-like  prolongation 
short,  obtuse,  the  neck-like  portion  in  the  mature  zooid  not 
distinctly  distinguishable  from  the  body,  the  anterior  extrem- 
ity slightly  curved  toward  the  right,  not  dilated ;  entire  dorsal 
aspect  traversed  lengthwise  by  a  narrow,  convex,  keel-like 
elevation;  the  ventral  surface  longitudinally  striate,  entirely 
ciliate;  oral  apertur.^  subterminal;  nucleus  double,  subcen- 
trally  placed,  the  nodules  ovate  and  apparently  connected  with- 
out a  funiculus;  contractile  vesicle  single,  near  the  posterior 
extremity ;  trichocysts  few,  confined  to  the  left-hand  border  of 
the  anterior  body-half.  Reproduction  by  transverse  fission. 
Length  of  body  -yj^  to  -j^^  inch.  Habitat. — The  bacterial  pelli- 
cle on  the  surface  of  an  infusion  of  dead  leaves. 

The  infusorian  is  represented  in  its  dorsal  aspect  in  fig.  16. 
It  was  obtained  in  great  abundance  on  and  beneath  the  jelly- 
like layer  of  bacterial  and  fungoid  growths  covering  the  surface 
of  an  infusion  of  various  kinds  of  leaves,  forming  for  some  time 
the  prevailing  animalcule.  It  cannot  be  easily  mistaken  for 
any  other  species  of  the  genus. 
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LiUmotuB  iriehocf/stus^  sp.  nov. 

Body  elongate-lanceolate,  flexible  and  extensile,  six  to  ei^ht 
times  as  long  as  broad,  widest  centrally,  slightly  tapenne 
toward  the  anterior  extremity  which  is  somewhat  curved 
toward  the  right  hand  and  depressed,  but  not  conspicuously 
disiingaishable  from  the  body  proper;  tail-like  prolongation 
short,  posteriorly  rounded ;  ventral  surface  longitudinally  fur- 
rowed, entirely  ciliate ;  endoplasm  usually  coarsely  granular; 
Diicleus  double,  the  nodules  subspherical,  subcentrally  placed 
and  connected  by  a  funiculus;  contractile  vesicle  single,  near 
the  posterior  extremity;  trichocysts  large,  numerous,  princi- 
pally confined  to  the  anterior  body-half  and  the  posterior, 
extremity,  in  the  former  being  arranged  in  an  obliquely 
directed  series  along  the  left-hand  border,  a  cluster  at  the 
frontal  margin,  a  few  on  the  right-hand  border,  many  scattered 
irregularly  through  the  cortex  of  the  center  of  this  region,  and 
an  irregular  cluster  at  the  extremity  of  the  caudal  prolonga- 
tion. Length  of  body  y^Q  to  ^hr  ^^^^^  Keproduction  by 
transverse  fission.  Habitat. — With  the  preceding  in  a  vegeta- 
ble infusion. 

Examined  in  dorsal  or  ventral  optical  section  this  infusorian 
to  a  certain  extent  resembles  Zitanotus  fasciola  (Ehr.)  S.-K.  It 
is,  however,  easily  distinguishable  by  its  shorter  ana  less  con- 
spicuously flattened  neck-like  part,  and  especially  by  the  num- 
ber and  arrangement  of  the  trichocysts,  which  are  constant  and 
will  constitute  the  chief  structural  character,  aside  from  con- 
tour, by  which  the  animalcule  may  be  readily  identified.  It  is 
delineated  in  its  extended  state  in  fig.  17.  When  contracted  it 
becomes  broadly  lanceolate. 

ChUodon  fluviatUis^  sp.  nov. 

Body  irregularly  ovate,  one  and  one-half  times  as  long  as 
broad,  widest  and  rounded  posteriorly,  the  left-hand  lateral 
border  truncate,  the  anterior  lip-like  projection  rounded  and 
obscure;  ventral  surface  longitudinally  furrowed,  entirely  cili- 
ate, the  cilia  of  the  frontal  border  the  most  conspicuous; 
adoral  groove  oliscure  or  absent;  nucleus  large,  ovate,  sub- 
centrally  situated;  contractile  vesicles  numerous,  scattered,  a 
single,  large,  terminal  vacuole  often  developed  at  the  posterior 
extremity.  Length  of  body  yj^  inch.  Habitat. — The  water 
of  the  Delaware  River  at  Trenton,  N.  J. 

This  differs  from  all  other  forms  in  its  shape,  the  straight 
left-hand  margin,  which  is  thus  far  characteristic  of  it,  in  the 
absence  of  the  lip-like  prominence  and  the  adoral  groove,  and 
in  its  preference  for  water  not  entirely  still.  The  specimens 
were  taken  with  Algae  from  a  rapid  stream  which  forms  the  waste 
weir  of  the  feeder  to  the  Delaware  and  Karitan  canal,  the  water 
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coming  originally  from  the  Delaware  river,  and  at  the  point  where 
theChilodon  was  obtained  returning  to  it  once  more,  during  its 
passage  forming  in  the  hollows  of  the  rocks  and  among  the  little 
heaps  of  stones,  small  comparatively  still  pools  where  the  oddly 
shaped  creature  was  oftenest  captured.  It  of  course  hardly 
lives  and  thrives  in  a  foaming  brook,  nor  stems  the  current  of 
a  miniature  rapid,  yet  it  seems  to  prefer  a  locality  where  the 
water  is  not  placid  as  a  mill-pond,  although  it  will  take  kindly 
to  quiet  surroundings.  I  have  preserved  it  in  a  vessel  on  rny 
table  for  some  weeks. 

When  under  prolonged  observation  it  frequently  develops  a 
large,   posteroterminal   vesicle   in   addition   to   the  pulsating 
'  vacuoles  constantly  present,  occupying  the  entire  width  of  the 
terminal  border  and  contracting  at  long  intervals.     The  ani- 
malcule is  shown  in  fig.  18. 

C/iilodoH  caudatus^  sp.  nov. 

Body  irregularly  obovate,  once  and  one-half  to  twice  as  Ions 
j\s  broad,  widest  anteriorly,  the  frontal  border  and  right-hand 
lateral  margin  rounded,  the  posterior  extremity  of  the  flat, 
entirely  ciliated  ventral  surface  tapering  to  an  acute  point,  the 
symmetry  of  the  left-hand  lateral  border  interrupted  by  the 
sudden  narrowing  of  the  body,  thus  forming  a  conspicuous, 
acute,  sinistrally  projecting  lip-like  extension;  the  posterior 
extremity  of  the  smooth,  convex  dorsal  region  produced  in  a 
short,  conical,  acuminate,  free  but  motionless,  spur-like  prolon- 
gation ;  cilia  of  the  frontal  border  longest  and  conspicuous  ; 
ciliated  adoral  groove  distinct;  oral  aperture  on  the  right  hand 
side  of  the  median  line  in  the  anterior  body-half;  contractile 
vesicles  numerous,  scattered ;  nucleus  sub-spherical,  coarsely 
granular,  posteriorly  located ;  anal  aperture  on  the  right-hand 
border  near  the  posterior  extremity.  Length  of  body  ^^  inch. 
Habitat. —Standi ng  water,  with  Azolla  Caroliniana  Willd. 

In  other  species  a  common  characteristic  of  the  dorsal  region 
is  to  become  suddenly  elevated,  and  so  merged  into  the  general 
surface  as  to  leave  a  comparatively  flat  margin  or  rim  sur- 
rounding the  lateral  and  posterior  and  often  the  frontal  bor- 
ders; but  here,  while  this  plane  extension  of  the  body  exists 
laterally  and  at  the  rear,  it  is  obscure  or  obsolete  anteriorly, 
and  the  postero-terminal  border  of  the  dorsum  is  continued  as 
an  acuminate  and  rigid  spur.  This  extension  is  not  a  mere 
narrowed  portion  adhering  to  the  flattened  region  beneath,  but 
a  free  and  disconnected  yet  inflexible  projection.  That  this 
has  any  other  than  an  ornamental  function  I  have  not  observed. 
It,  with  the  prominent  anterior  lip,  will  render  the  infusorian 
readily  recognizable.  The  dorsal  aspect  of  the  animalcule  is 
shown  in  fig.  19,  and  a  diagrammatic  outline  of  the  posterior 
portion  in  longitudinal  section  in  fig.  20. 
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Dexiotbtgha  (deStoSf  on  the  right-hand  side^  rpixiovy  a  little 
hair)y  gen.  no  v. 

Animalcules  free-swimming,  persistent  in  shape,  entirely 
ciliate,  elongate-ovate  or  subreniform,  rounded  posteriorly ; 
oral  aperture  ventral,  followed  by  a  short,  entirely  ciliated, 
pharyngeal  passage;  one  or  more  fine,  hair-like  setae  project- 
ing from  the  posterior  extremity  of  the  body,  and  a  single 
j  aeries  of  flexible,  setose  cilia  extending  transversely  across  the 

s  anterior  right-hand  ventral  and  lateral  borders  from  the  margin 

j'  of  the  oral  aperture  to  the  margin  of  the  dorsal  surface ;  nucleus 

I  ovate;    contractile  vesicle  single;    anal   aperture   posteriorly 

situated. 
I  In  several  structural  points,  in  one  attribute  especially,  the 

;  infusorian  for  which  this  new  genus  is  instituted  differs  from 

all  known  animalcules.  Its  ordinal  position  is  with  the  Hete- 
rotricha,  and  when  a  systematic  treatise  shall  be  written  on  our 
American  infusoria,  it  will  probably  demand  the  formation  of 
a  new  family  group  for  its  reception.  It  approaches  nearest  to 
the  Bursariadae  of  Stein,  but  diverges  widely  from  the  mem- 
bers of  that  family  in  the  absence  of  the  conspicuous,  excavate 
peristome  field,  and  especially  in  the  presence  of  the  row  of 
adoral  cilia  on  the  right-hand  side  instead  of  the  left,  and  in 
the  presence  of  a  ciliated  pharynx,  a  feature  to  be  distinguished 
only  under  high  amplification  and  the  most  favorable  position 
of  the  infusorian  and  the  direction  of  the  illuminating  ray. 
Furthermore,  the  possession  of  a  posteriorly  projecting,  filiform 
seta  would  alone  force  it  out  of  tnat  group. 

Dexiotricha  plagia^  sp.  nov. 

Body  elongate-ovate,  two  and  one-half  to  three  times  as  long 
as  broad,  the  whole  surface  bearing  minute,  hemispherical  pro- 
tuberances which  give  the  infusorian,  in  opticnl  section,  a 
crenulate  outline;  both  extremities  rounded,  the  posterior 
one  widest,  the  frontal  one  slightly  curved  toward  the  ventral 
aspect,  the  anteriorly  placed  venial  concavity  thus  formed 
occupied  by  the  ovate  oral  aperture;  pharynx  short,  slightly 
recurved,  its  cilia  projecting  beyond  tne  oral  aperture;  cilia 
setose;  a  single  series  of  flexible,  somewhat  curved,  setose  cilia 
extending  from  the  right-hand  margin  of  the  oral  aperture  ob- 
liquely backward  and  transversely  across  the  right-hand  side  of 
the  body  to  the  border  of  the  dorsal  surface ;  a  single,  long,  fili- 
form seta  projecting  from  the  posterior  extremity ;  nucleus  ovate, 
subcentrailv  placed;  contractile  vesicle  single,  spherical,  situ- 
ated near  tlie  center  of  the  ventral  surface,  at  the  right  of  the 
median  line ;  endoplasm  enclosing  numerous  small  corpuscles, 
apparently  bi-concave;  anal  a{)erture  on  the  ventral  surface 
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Dear  the  posterior  extremity.  Length  ^^  to  ^^  inch.  Hab- 
itat— An  infusion  of  dead  leaves.  Beproauction  by  transverse 
fission. 

The  object  of  the  unique,  one-sided  arrangement  of  the 
adoral  cilia  is  to  direct  food  particles  to  the  month.  When  the 
animalcule  is  quietly  feeding,  the  cilia  of  the  general  cuticular 
surface  are  all  quiescent,  with  the  exception  of  those  on  the 
right-hand  side  in  advance  of  the  adoral,  lateral  hedge  of  setose 
bristles.  These  alone  being  in  motion,  the  currents  which 
they  produce  carry  the  food  particles  against  the  stifly  upheld 
cilia  whose  obliquely  directed  course  turns  the  stream  down- 
ward and  forward  to  the  oral  aperture.  The  pharyngeal  cilia 
project  beyond  the  orifice  in  a  comb-like  fascicle  only  to  be 
distinguished  when  the  animalcule  is  resting  and  these  appen- 
dages are  motionless.  The  infusorian  is  shown  in  its  right- 
hand  lateral  aspect  by  fig.  22,  and  the  projecting  pharyngeal 
cilia  in  fig.  28. 

Trenton,  N.  J. 

Explanation  or  Figusbs — Plate  III. 

Fig.    1.  Fhy9omonas  vestitti^  sp.  oov.     x  667. 

Fig.    2.  BicowBca  lepteea^  ap.  nov.     x  1200 

Fig.    3.  BkoscBca  leptosUyma^  w^.  1107,     xl200. 

Fig.    4.  BicoKBca  longipes^  sp.  dot.     x  1200. 

Fig.    6.  Stylobryon  Abbotti^  sp.  nov.     x  600. 

Fig.    6.  JDerepyxis  amphora^  gexL  et  sp.  noT.     x  900. 

Fig.    7.  Derepyxia  oUtUa^  sp.  nov.     x  900. 

Fig.    8.  Chiiomonas  ovata^  sp.  dot.      x  1576. 

Fig.    9.  Ch.  ovata  after  conjugation  with  empty  cuticular  sac  adhering. 

Fig.  10.  Ck.  ovata  in  conjugation. 

Fig.  11.  Loxophyflum  Jlexilia,  sp.  nov.     x260. 

Fig.  12.  SpirosU>mum  bxodes^  sp.  nov.     x  187. 

Fig.  13.   Vagifiicola  leptoaoma^  sp.  nov.     x  180. 

Fig.  14.   Coihumia  antUaUit  sp.  nov.     x  677. 

Fig.  15.  Litonotus  venculosuSj  sp.  nov.     x  100. 

Fig.  16.  Liionoiua  carinatue^  sp.  nov.     x  360. 

Fig.  1 7.  Litonotus  trichocystus^  sp.  nov.     x  350. 

Fig.  18.   Chilodon  ftuviatilis,  sp.  nov.     x  400. 

Fig.  19.  Chilodon  caudaius^  sp.  nov.     x  720. 

Fig.  20.  Ch.  caudatus  in  posterior,  longitudinal  optic  section.    Diagram. 

Fig.  21.  TOlina  hdia,  sp.  nov.     x  270. 

Fig.  22.  IkoDiotricha  pUigia,  geu.  et.  sp.  noT.     x  530. 

Fig.  23.  D.  plagia^  showlDg  ciliation  of  the  pharynx. 


Art.  XLTII. — Paleozoic  Notes :  New  Genua  of  Oamhrian  Trilo- 
bites,  Mesonacis ;  by  CHARLES  D.  Walcott,  of  the  United 
States  Geological  Survey. 

When  collecting  fossils  at  Parker's  quarry,  in  the  town  of 
Georgia,  Vermont,  in  the  season  of  1888,  we  found  a  specimen 
of  Olenellus    Vermoiitana  ^hat  appeared   to   have  a  body  of 
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another  trilobite  attached  to  it,  back  of  the  fifteenth  segment. 
In  1884  Mr.  E.  Hurlburt,  of  Utica,  N.  Y.,  was  collecting  in  the 
same  locality  and  found  a  more  perfect  specimen  that  showed 
the  true  structure  of  the  trilobite.     It  was  discovered  to  be  the 


Fig.  2. 


Type  specimeD,  Dat.  size. 


Enlargement  of  the  posterior  {)ortion 
of  Fig.  1,  showing  the  spine  on  the 
16th  segment  and  the  posterior  10  seg- 
ments and  pyg^dium. 

type  of  an  undescribed  genus 
that  appears  to  be  intermedi- 
ate between  the  genera  Para- 
doxides  and  Olenellus,  or  a 
form  in  which  the  characteris- 
tics of  Paradoxides  are  chang- 
ing into  those  of  Olenellus,  the 
head  and  first  fourteen  seg- 
ments being,  in  all  particulars,  the  type  of  Olenellus,  and  the 
pygidium  and  ten  posterior  segments  more  the  type  of  Para- 
doxides; the  fifteenth  segment  represents  the  telson  of  Olenellus 
Thoinpsoni, 

The  fifteenth  segment  fits  snugly  up  against  the  fourteenth  ; 
the  axial  lobe  is  strong,  and  supports  the  base  of  a  long,  slender 
spine  that,  as  now  preserved,  extends  back  to  the  pygidium; 
the  base  of  the  spine  originates  on  the  dorsal  surface  of  the 
segment  and  also  extends  back  so  as  to  include  the  posterior 
margin,  and  causes  the  latter  to  curve  back  towards  the  center ; 
the  lateral  pleurae  of  the  segment  are  short  and,  in  structure, 
diminutive  representatives  of  the  large  pleurse  of  the  segments 
anterior  to  the  fifteenth. 
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The  succeeding*eleveQ  posterior  segments  appear  as  though 
formed  of  a  more  delicate  test  than  the  anterior  portions  of  the 
body,  as  they  are  much  more  flattened  and  compressed  than  the 
latter,  and  the  plural  grooves  are  almost  obsolete.  The 
py&idium  is  also  small  and  delicate. 

The  body,  back  of  the  spine-bearing  segment,  appears  as 
though  belonging  to  a  different  animal,  and  looks  more  like 
that  of  a  Remopleurides  than  either  Olenellus  or  Paradoxides, 
but  on  af  close  examination,  the  pygidium  is  found  to  be  much 
like  that  of  Paradoxides  rugulosiia,  and  the  free  pleurae  bend 
back  as  in  that  species. 

For  this  form  the  genus  Mesonacis  is  proposed.  One  other 
species,  0.  ffowelli,  from  Central  Nevada,  will  probably  be  re- 
ferred to  it  when  the  thorax  and  pygidium  are  found,  as  the 
head  is  very  closely  related  to  that  of  M,  Vermontana, 

The  stratigraphic  position  of  M.  Vermontana  is  eleven  hun- 
dred feet  from  the  base  of  the  Georgian  Group,  in  the  argillace- 
ous shales  at  Parker's  quarry,  town  of  Georgia.  Franklin  coun- 
ty, Vermont,  where  it  is  associated  with  Olenelltis  Thompsoniy 
Proiocaris  Marshi,  Plychoparia  Adamsij  etc. 

The  Georgian  Group,  in  Vermont,  consists  of  one  thousand 
feet  of  magnesian  limestone  at  the  base,  overlaid  by  from  eight 
thousand  to  nine  thousand  feet  of  argillaceous  shales  in  which 
great  lenticular  masses  of  limestone  oc(;ur  that  carry  a  fauna 
similar  to  that  of  the  shales.  The  base  of  the  group  and  also 
its  summit  is  at  present  unknown. 

In  Central  Nevada,  in  an  unbroken  section,  the  Potsdam 
fauna,  as  found  in  New  York  and  Wisconsin,  occurs  four  thous- 
and feet  above  the  characteristic  Georgian  fauna,  the  interven- 
ing strata  being  entirely  formed  of  limestones. 

In  a  paper  now  in  course  of  preparation  by  the  writer,  sec- 
tions will  oe  given  ,  accompanied  by  lists  of  fossils,  to  show  the 
relations  of  the  St.  John  (Paradoxides),  Georgian  (Olenellus) 
and  Potsdam  (Dicellocephalus)  Groups,  or  the  Lower,  Middle 
and  Upper  Cambrian, 

In  Bulletin  10,  of  the  U.  S.  Geological  Survey,  the  subgenus 
Salteria  is  proposed  by  the  writer  to  include  Concoryphe  BaiUyiy 
Harit  and  C.  venulosa  Salter  of  the  Lower  Cambrian.  The 
name  had  been  previously  given  to  a  genus  of  trilobites  (Mem. 
Geol.  Surv.  Brit.  Organic  Eemains,  Dec.  xi,  pi.  vi)  which  neces- 
sitates the  substitution  of  another  subgeneric  name  for  the 
species  mentioned.  Mr.  G.  F.  Matthew  (Trans.  Eoy.  Soc. 
Canada,  vol.  xi,  description  of  pi.  i)  having  proposed  the  name 
Badiella,  that  will  replaoe  Sateria  as  applied  to  Conocoryphe 
{BaillieUa)  Baileyi  of  the  St.  John  Group. 
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SCIENTIFIC     INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  Specific  Heat  of  the  Elements  at  High  Tempera- 
tures,— In  the  course  of  their  researches  on  the  heat-relations  of 
the  explosion  of  gaseous  mixtures,  Bbrthelot  and  Yi bills  have 
been  aole  to  obtain  the  specific  heat  of  the  elementary  gases  at 
high  temperatures.  The  experimental  data  were  obtained  by 
the  combustiou  of  cyanogen  mixed  with  sufficient  oxygen  to 
convert  it  into  carbon  monoxide  and  nitrogen ;  two  gases  which 
have  sensibly  the  same  specific  heat.  From  the  pressure  devel- 
oped in  the  explosion,  the  temperature  referred  to  the  air  ther- 
mometer was  calculated ;  and  from  the  total  quantity  of  heat 
produced  and  the  temperature,  the  specific  heat  (at  constant 
volume)  of  the  resulting  gaseous  mixture  was  derived,  and  hence 
the  specific  heat  of  either  of  the  resulting  gases.  The  results  of 
six  experiments  of  this  sort  were  as  follows : 


Ptesaurt 

Heat 

Specific  heat 

Mixtwrea,    developed^  aim. 

evolved. 

Tmnperaiwe. 

IbtaLForiH^andOO. 

C,N,  +  Oj               25.11 

126500  oal 

.      4394° 

28-81 

9-60 

C,N,  +  Oj-f-liN,  20-67 

126500 

4024 

31-46 

8-39 

C9N,  +  Oa  +  2N,     15-26 

126500 

3191 

39-67 

7-93 

C,Na  +  0,  +  HN.  11-78 

126500 

2810 

45-05 

6  67 

CiN,  +  2N0            23-34 

169800 

4309 

39-39 

9-85 

C,Na  +  2NaO           26-02 

168400 

3993 

42-17 

8-43 

It  will  he  noticed  that  the  numbers  obtained  are  closely  identical 
whether  oxygen,  nitrogen  monoxide  or  dioxide  is  used  to  effect 
the  combustion ;  thus  at  4400^  the  specific  heat  with  oxygen  is 
9-60  and  with  nitrogen  dioxide  9-85,  the  ratio  of  N  to  CO  being 
1  :  1  by  volume.  At  4000®,  with  oxygen,  the  specific  heat  was 
found  to  be  8 -39,  and  with  nitrogen  monoxide  8-43,  the  ratio  of 
N  to  CO  being  8  :  2  by  volume.  Moreover  it  will  be  observed 
that  the  specific  heat  increases  rapidly  with  the  temperature. 
This  increase  may  be  expressed  as  a  function  of  the  temperature 
by  the  empirical  formula 

0=6-7 +0-0016(t-2800) 

giving  the  following  calculated  value:  at  2800%  6*7;  3200°,  7*3; 
4000°,  8-6;  and  4400°,  9*3;  the  observed  numbers  being  67,  7*9, 
8'4  and  9*6  respectively.  These  numbers  may  be  adopted  as  ex- 
pressing, at  high  temperatures  and  constant  volume,  the  molec- 
ular specific  heat  of  the  simple  gases,  N„  H,  and  O,  as  well  as 
ofthecompund  gas  CO  which  is  closely  related  to  them.  It  is 
therefore  evident  that  in  passing  from  0®  to  4500®  the  mean 
Bpecific  heat  of  the  elementary  and  simple  gases  nearly  doubles. 
There  is,  however,  another  group  of  elementary  and  of  compound 
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gases  to  be  considered.  Regnault  showed  that  the  specific  heat 
of  chlorine,  bromine  and  iodine  were  higher  than  tnat  of  the 
other  elements,  being  6*6  at  constant  volume  instead  of  4*8. 
The  remarkable  fact  is  that  this  specific  heat  is  closely  the  same 
as  that  of  the  compound  gases  which  are  formed  with  a  con- 
traction of  one-third  in  volume,  as  water,  nitrogen  monoxide  and 
carbon  dioxide.  The  data  were  obtained  by  combining  chlorine 
and  hydrogen  in  presence  of  an  excess  of  one  or  the  other  of 
these  gases ;  from  which  it  appeared  that  the  weight  f  CI  was 
sensibly  equal  to  that  of  H,.  Ihe  mean  specific  heat  of  chlorine 
at  constant  volume  was  found  to  be  at  1800°  nearly  three  times 
that  of  hydrogen;  the  latter  being  5*1  and  the  former  15*3  nearly. 
Chlorine  comports  itself  toward  oxygen  as  osone  would  do  if  it 
were  stable  and  were  formed  with  the  evolution  of  heat. — Ann. 
Chem,  Phya.,  VI,  iv,  66,  Jan.  1885.  g.  f.  b. 

2.  On  the  Specific  Heat  of  Water  and  of  Carbon  dioxide  cU 
High  Temperatures. — In  a  second  paper,  Berthelot  and  Vibille 
have  given  the  results  of  similar  calculations  to  determine  the 
mean  molecular  specific  heat  of  water  and  of  carbon  dioxide. 
The  hydrogen  was  burned  with  oxygen  either  alone  or  mixed 
with  nitrogen ;  in  the  latter  case  the  specific  heat  of  the  nitrogen 
was  subtracted.  The  following  table  gives  the  data  and  the 
calculated  values  obtained : 


Mean  mol  spec 

Total  specific 

Sp.  Heat 

hmto/B^Obe. 

Miaiure. 

7. 

heat. 

of  the  K. 

tween  0^  and  T®. 

H,  +  0 

3240® 

18-12 

18.12 

H,+0+iN 

2860 

20*52 

1-69 

18-83 

H,  +  0  +  N, 

2543 

■      23-08 

6-26 

16-82 

H,  +  0  +  2N, 

2180 

26>93 

11-36 

15-57 

H,  +  0  +  3N, 

1798 

32-06 

16-21 

16.84 

H,  +  N,0 

3133 

25-09 

7-20 

17-89 

H,  +  N,0  +  N, 

,2601 

30-60 

12-70 

17.90 

The  value  given  in  the  fifth  experiment  is  not  regarded  as  reliable 
as  the  others,  since  the  large  amount  of  inert  eas  present  caused 
the  combustion  to  be  twelve  times  as  slow.  It  will  be  observed 
that  here  also  the  specific  heat  increases  with  the  temperature. 
1  he  authors  represent  this  increase  by  the  empirical  formula : 

0=16-2 +  0-0019(T-2000) 

Since  the  mean  specific  heat  of  water  vapor  between  130^  and 
230°  is  6'65  at  constant  volume,  it  appears  that  it  is  more  than 
doubled  at  2000®  and  tripled  at  4000**.  On  comparing  the 
elementary  specific  heat  of  the  vapor  of  water  with  that  of  its 
constituent  elements,  it  appears  that  the  former  value  is  in  excess 
of  the  latter  at  2000°  by  I'O  and  at  4000°  by  6*1.  This  excess 
represents  a  double  worK,  first  that  of  the  molecular  disaggrega- 
tion of  the  compound  gas,  and  second  that  of  its  chemical  disso- 
ciation. The  values  obtained  for  carbon  dioxide  are  given  as 
follows : 
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Total 

Specific  heat 

Specific  heat 

Mixture. 

r. 

specific  heat 

of  they. 

of  the  COi, 

00  +  0 

3334« 

20-40 

20-40 

CO  +  O  +  N 

2840 

24-02 

3-36 

20-66 

CO  +  O  +  N, 

2548 

26-69 

6-27 

20-42 

CO  +  O  +  N. 

1807 

37-47 

12-67 

24-80 

C,Na  +  04 

4862 

64  00 

1000 

22.00 

C,Na  +  04  +  N, 

4082 

64-31 

17-50 

23-40 

C,Na  +  4N,0 

3972 

86.71 

42-70 

22-00 

The  fourth  of  these  results  is  inaccurate  owing  to  the  extreme 
slowness  of  the  combustion.  The  results  with  CO  give  a  mean 
value  of  20-5  between  0°  and  2900° ;  those  with  CN  give  22*5 
between  6°  and  4300°.  Taking  them  together  they  may  be  rep- 
resented by  the  empirical  formula: 

C=  19-1  +  0-0015(T-2000) 

This  gives  for  the  elementary  specific  heat  of  carbon  dioxide  at 
2000^19-1  ;  at  3000%  22-1  and  at  4000°,  26-1.  The  mean  specific 
heat  of  this  gas,  therefore,  more  than  triples,  and  the  elementary 
specific  heat  quadruples,  between  0°  and  4300°. — Am.  Chim. 
Phi/8.,  VI,  iv,  74,  Jan.,  1885.  G.  P.  B. 

3.  Oh  the  Action  of  Hydrogen  peroxide  on  the  Hydrates  of 
the  rarer  earths. — ClAve  has  studied  the  production  of  peroxides 
of  the  rarer  earth-metals  by  the  action  of  hydrogen  peroxide  upon 
their  hydrales.  Gelatinous  precipitates  were  obtained  which 
were  washed  by  decantation,  care  being  taken  to  avoid  elevation 
of  temperature,  and  in  some  cases  dried  over  sulphuric  acid.  The 
oxygen  was  determined  by  dissolving  the  moist  precipitate  in 
dilute  sulphuric  acid  and  titrating  the  hydrogen  peroxide  thus 
formed  with  permanganate.  In  the  dry  precipitates  the  oxygen 
was  determined  by  dissolving  them  in  dilute  sulphuric  acid  con- 
taining ammoniacal  ferrous  sulphate,  and  titering  back  with  per- 
manganate. Hydrogen  peroxide  gave  the  same  result  with  both 
these  methods;  but  cerium  peroxide  gave  only  half  as  much 
oxygen  by  the  first  method  as  by  the  second.  The  oxides  of 
Yttnura,  lanthanum,  samarium  and  didymium,  whose  formula  is 
tl,0„  act  in  the  same  manner  with  H-O,  and  give  peroxides  of  the 
formula  R^O,,  approaching  R,Oj.  The  oxides  of  zirconium  and 
cerium,  R0„  give  like  titanic  acid  peroxides  of  the  formula  RO  . 
The  oxide  of  thorium,  which  belongs  to  the  same  group  gives  the 
peroxide  R,0,. — BuU.  Soc.  Chim.^  II,  xliii,  63,  Jan.,  1886. 

G.   p.   B. 

4.  On  the  Determination  of  small  quantities  of  Hydrogen  sul- 
phide in  Oaseous  mixtures. — For  the  purpose  of  determining  the 
ouaDtity  of  hydrogen  sulphide  containea  in  mixtures  of  gases, 
Osmond  passes  the  gas  to  be  tested  through  a  series  of  bulbs  con- 
taining a  known  quantity  of  titred  solution  of  silver  nitrate. 
As  soon  as  the  silver  in  the  first  bulb  is  entirely  precipitated  as 
sulphide,  the  precipitation  begins  in  the  second.  If  the  quantity 
and  strength  of  the  silver  solution  in  each  bulb  corresponds  to  a 
definite  quantity  of  sulphur,  say  O'Ol  per  cent,  then  it  is  only 

Ah.  Joub.  Sgi.— Thibd  Sbbies,  Vol.  XXIZ,  No.  172.— April,  1886. 
23 
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necessary  at  the  end  of  the  experiment  to  count  the  balbs  contain- 
ing sulphide  and  the  quantity  of  sulphur  in  the  gas  passed 
through  the  apparatus  is  at  once  known.  Obviously  the  limit  ol 
accuracy  in  the  method  may  be  varied  at  will  by  varying  the 
strength  of  the  solution  and  the  number  of  bulbs.  If  the  test  is 
to  determine  only  whether  the  amount  of  sulphur  is  inferior  to  a 
certain  maximum  limit  or  not,  two  bulbs  suffice.  In  the  fii-st  the 
quantity  of  the  reagent  corresponding  to  this  maximum  is  placed, 
if  any  blackening  appears  in  the  second,  then  there  is  an  excess  ot 
sulphur  over  the  permissible  amount. — Bull,  Soc.  Chim,^  11^ 
xliii,  VO,  Jan.,  1885.  g.  f.  b. 

6.  On  the  Atomic  tceight  of  Titanium, — Thobpe  has  made  a 
series  of  elaborate  and  careful  determinations  of  the  atomic 
weight  of  titanium,  using  several  methods.  The  product  em- 
ployed was,  in  the  former  set  of  experiments,  titanium  tetrachlo- 
ride and  in  the  latter  titanium  tetraoromide.  In  the  first  method 
a  known  quantity  of  the  tetrachloride  was  placed  in  water,  a 
quantity  of  silver  slightly  less  than  was  required  to  completely 
precipitate  it  was  dissolved  in  nitric  acid  and  added  to  it,  and 
then  the  remaining  excess  of  chlorine  estimated  by  means  of  a 
graduated  solution.  Eight  experiments  gave  48*06,  48*07,  47*98, 
48*04,  48*04,  4806,  47*94,  47*93.  In  the  second  method  the  pre- 
cipitated silver  was  collected  and  weighed,  and  gave  47*99,  47*97, 
4800,  48*06,  48*05.  The  third  method  consisted  in  decomposing 
a  known  quantity  of  the  tetrachloride  with  water,  evaporating 
the  product  to  dryness  in  a  platinum  dish  and  weighing  the 
resulting  titanic  oxide.  Six  experiments  gave  47*93,  48*00,  47*99, 
47  96,  47*98,  47*94.  In  the  second  set  of  experiments,  tetra- 
bromide  was  used.  When  decomposed  with  water  and  titered 
with  silver,  the  numbers  obtained  were  48*04,  48*06,  48*02,  48*03, 
4804.  The  weighed  AgCl  gave  47*95,  47*99,  48*19,  48*02. 
Conversion  into  titanic  oxide  gave  4808,  47*97,  47*94.  The  num- 
ber 48  which  corresponds  to  Mendelejeff's  table  is  the  most  prob- 
able atomic  weight. — J,  Chem,  Soc,^  xlvii,  108,  Feb.,  1885. 

6.   F.    B. 

6.  On  JRaffinose  from  Molasses,  —  Tollens  has  examined  a 
sample  of  sugar  which  crystallized  out  of  a  molasses  prepared  in  a 
sugar  house  by  precipitation  with  strontium  hydrate.  The  crystals 
were  separated  by  washing  with  alcohol  from  the  adhering  syrup, 
and  purified  by  recrystallization.  On  analysis  they  affiDrded  the 
formula  C„H„0„  +  (H,0),.  When  the  normal  solution  was  ex- 
amined in  the  polariscope,  it  gave  a  specific  rotation  (ar)D:=102*6 
— 103°.  When  heated  with  sulphuric  acid,  the  rotation  fell  to  45*'* 
Fehling's  solution  is  unaffected  by  it;  but  this  solution  is  strongly 
reduced  by  it  after  the  action  of  acids.  It  resembles  the  raffinose 
of  Loiseau  and  the  melitose  of  Berthelot. — Ber,  Berl,  Chem,  Ges,y 
xviii,  26,  Jan.,  1885.  g.  f.  b. 

7.  Influence  of  an  Electric  Current  in  modifying  the  rate  of 
thinning  of  a  liquid  film, — Professors  Reinold  and  Kfckeb 
have  discovered  that  an  electric  current  passing  through  thin  soap- 
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bubble  films  modifies  in  an  interesting  manner  the  rate  of  thinning 
of  the  films.  The  liqaid  employed  was  either  a  solution  of  potash 
soap  in  water  or  Plateau's  liquide  glycirique  containing  a  certain 
proportion  of  niter  to  increase  its  conductivity.  The  films  had 
the  form  of  vertical  cylinders — the  upper  and  lower  supports  be- 
ing of  platinum.  The  films  were  blown  with  air  which  was  first 
dried  and  then  passed  over  some  of  the  soap  solution  in  a  wide 
tube  so  that  the  condition  of  the  air  inside  the  tube,  was  ap- 
proximately that  of  the  air  on  the  outside.  The  electric  current 
varied  from  about  100  microamperes  to  half  a  microampere.  The 
downward  current  was  found  to  increase  the  rate  of  thinning  of 
the  film  and  the  upward  current  to  retard  it. — Phil.  Mag.^  Feb. 
1885,  pp.  94-100.  J.  T. 

8.  On  the  Gondxtction  of  JSlectricity  in  rareHed  air. — It  has 
been  maintained  by  Edltjnd  in  various  papers  that  what  is  called 
a  vacuum  conducts  electricity  and  that  this  conductivity  increases 
with  the  degree  of  rarefaction.  In  the  present  paper  he  reiterates 
his  reasons  for  believing  that  a  discharge  between  platinum  ter- 
minals in  a  Geissler  tube  could  be  obtained  at  a  certain  point  of 
the  exhaustion,  if  the  effect  of  the  electrodes  in  opposing  the  pas- 
sage of  the  electricity  into  the  gas  could  be  overcome.  He  brings 
forward  as  evidence  certain  experiments  in  which  a  discharge  is 
obtained  through  the  glass  sides  of  tubes  containing  rarefied  air, 
through  which  no  discharge  could  be  obtained  if  platinum  elec- 
trodes were  used.     Phil  Mag.y  Feb.  1885,  pp.  126-1 31.       j.  x.^j 

9.  Measurement  of  notation  of  plane  of  polarization  of  liquids 
in  a  magnetic  field. — ^It  has  been  suggested  by  various  observers 
that  the  rotation  of  the  plane  of  polarization  of  certain  liquids 
placed  in  a  magnetic  field  could  be  used  as  a  measure  of  very 
strong  currents.  Leo  Abons  has  redetermined  Yerdet's  constant 
for  this  purpose,  and  believes  that  his  result  for  distilled  water  at 
23^  C.  and  the  wave-length  of  the  sodium  line,  namely, 

ii?=0-3767.10""*  cm"^  g"^  sec 

is  within  0'5  per  cent. — -4n/i.  der  Physik  und  Chemie^  No.  2, 
1885,  pp.  161-182.  J.  T. 

10.  On  some  Physical  Properties  of  Ice. — Mb.  Coutts  Tbottbb, 
fellow  of  Trinity  College,  Cambridge,  has  instituted  some  experi- 
ments on  ice  in  an  artincial  grotto  in  a  glacier  near  Grindelwald, 
in  order  to  see,  '*  if  evidence  of  shearing  under  the  influence  of 
forces  comparable  to  those  which  Canon  Moseley  admits  to  be 
capable  of  being  produced  by  the  action  of  gravity  in  a  moving 
glacier  could  be  obtained."  fears  of  ice  were  passed  through  holes 
m  three  parallel  blocks  of  wood,  nearly  in  contact  with  each  other. 
The  two  outer  blocks  were  hung  to  a  frame,  and  a  weight  was  sus- 
pended from  the  middle  one.  After  the  ice  had  hung  for  a  few 
davB,  the  apparatus  was  taken  to  pieces  and  the  shear  measured.  In 
a  mial  experiment  a  i^ear  of  about  *075  cm.  was  observed  after  the 
action  for  about  seventeen  days  of  a  shearing  force  of  rather  more 
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than  200  grm.  per  square  centimeter.  Mr.  Trotter  is  led  to  sup- 
port the  conclusions  of  Forbes,  that  glacier  motion  is  that  of  a 
slightly  viscous  mass  partly  sliding  upon  its  bed,  partly  shearing 
upon  itself  under  the  influence  of  gravity.  Regelation  also  plays 
a  part  in  the  gradual  passac^e  of  snow  into  ice  and  in  the  healing 
of  crevasses. — RoycU  Soc,  Jan.  29;  Nature^  Feb.  6,  1885,  p.  328. 

J.  T. 

11.  Photographing  the  Solar  Corona. — Mr.  C.  Ray  Woods, 
who  was  sent  to  Switzerland  to  photograph  the  solar  corona 
according  to  the  method  devised  by  Dr.  Hnggins,  sums  up  in  the 
Observatory  the  results  thus  far  obtained,  as  follows: 

(1)  As  would  be  expected,  the  results  are  better  than  had  been 
obtained  in  England,  in  spite  of  the  red  haze  which  has  been 
always  present  round  the  sun,  and  which  visitors  to  Switzerland 
have  commented  on  in  several  of  the  scientific  journals  recently. 

(2)  Results  on  the  same  day  are  almost,  if  not  quite  alike,  both 
with  disk  and  without. 

^3)  The  corona  varies  more  or  less  from  day  to  day. 
?4)  The  clearer  the  sky  the  better  the  results. 
(5)  The  series  extends  over  a  period  of  two  months,  a  one 
month's  results  being  free  from  effects  that  require  elimination. 

12.  Magneto-  and  Dynamo- Electric  Machines^  with  a  descrip- 
tion of  Electric  Accumulators,  from  the  German  of  Glaser-DeCew ; 
by  F.  Krohx,  and  specially  edited  with  many  additions  by  Paget 
HiGGS,  LL.D.,  etc.  301  pp.  8vo.  London  (Symons  &  Co. — The 
Specialists'  Series,  vol.  i).  This  work  is  essentially  a  reproduc- 
tion of  the  excellent  little  volume  which  formed  *No.  1  of  the 
Elektro-technische  Bibliothek,  published  in  Vienna  some  two 
years  since  and  at  that  time  noticed  in  this  Journal.  The  Eng- 
lish editor  has  increased  the  value  and  scope  of  the  volume  by 
adding  a  number  of  chapters  relating  to  the  details  in  the  con- 
struction and  use  of  the  machines.  The  subject  at  hand  is  too 
vast  in  its  present  development  to  allow  of  being  treated 
thoroughly  in  a  book  of  this  size,  but  the  reader  will  find  in  this 
volume  a  good  selection  of  matter  and  will  profit  from  its  perusal. 

II.  Geology  and  Mineralogy. 

1.  Profeseor  W.  0.  Cro^  on  the  origin  and  relations  of  con- 
tinents and  ocean  basins^  (Proc.  Bost.  Soc.  Nat.  Hist,  for  Nov., 
1883 ;  but  recently  printed.) — In  this  paper  Professor  Crosby  dis- 
cusses the  contraction  theory  for  the  origin  of  continents  and 
oceanic  basins  with  some  good  arguments  against  the  theory  and 
others  not  so  good,  and  arrives  at  the  conclusion  that  the  conti- 
nental and  oceanic  areas  have  not  always  been  essentially  the 
same  in  limits  as  now,  with  relatively  moderate  submergences 
over  the  former  and  emergences  over  the  latter,  but  that  an 
Atlantic  continent  continued  in  existence  through  Paleozoic 
times,  providing  Paleozoic  sediments  for  North  America,  and 
producing,  in  its  sinking,  pressure  against  ^he  continent,  which 
resulted  in  causing  Appalachian  foldings  and  uplift. 
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The  writer's  views  are  discussed  in  the  paper  though  some- 
times put  in  a  form  that  is  hardly  recognizable.  Professor 
Crosby,  on  the  page  before  the  last,  says  that  Professor  Dana, 
believing  that  the  Atlantic  existed  with  nearly  its  present  out- 
lines during  Paleozoic  time,  and  that  the  foldings  of  the  Appa- 
lachian rocks  were  made  bv  subsidence  over  the  Atlantic  area, 
thus  '^admits  that  the  Appalachian  sediments  were  separated  from 
the  Atlantic  by  at  least  one  hundred  and  possibly  several  hundred 
miles  of  dry  land  ;"  "in  other  words,  Professor  Dana  tells  us  that 
the  sediments  deposited  in  one  ocean  were  plicated  by  the  subsi- 
dence of  the  floor  of  another  and  entirely  distinct  ocean." 

In  reply  to  this  remark  I  observe  that  the  Appalachian  area  of 
subsidence  through  Paleozoic  time — which  ranged  parallel  with 
ridges  of  Archaean  rocks  and  with  the  Atlantic  border,  was  not 
"  one  ocean ;"  it  was  generally  (according  to  evidence  from  the 
strata)  a  shallow  part  of  the  continental  border,  receiving  its 
depositions  in  shallow  waters.  The  Appalachian  trough,  or  geo- 
svnclinal  was,  it  is  true,  distant  a  hundred  miles  or  more  from 
the  ocean's  border ;  but  I  have  suggested  that  it  was  probably 
separated  by  a  low  geanticlinal — emerged  or  slightly  submerg:ed  ; 
that  the  general  contraction  in  the  earth's  crust,  and  especially 
of  that  part  beneath  the  oceanic  area,  produced  along  the  ocean's 
border,  the  geanticlinal  as  well  as  the  geosynclinal,  the  two 
being  concomitants  in  a  system  of  flexures.  I  do  not,  therefoie, 
see  the  appositeness  of  Professor  Crosby's  comparison  which  he 
adds  in  closing  his  paragraph :  ^^  This  is  very  much  the  same  as 
saying  that  the  sediments  now  accumulating  in  the  Gulf  of 
Mexico  will  some  day  be  compressed  and  folded  by  the  subsi- 
dence of  the  bottom  of  the  Pacific,  Central  America  and  Mexico 
remaining  undisturbed  as  at  present." 

It  is  unnecessary  to  touch  on  other  points  of  disagreement  in 
the  memoir.  Moreover,  I  am  led  by  the  conflcting  views  of  the 
best  authorities  with  regard  to  the  condition  of  the  earth's 
interior  to  hold  very  loosely  to  any  theory  of  mountain  making. 
We  wait  for  the  physicists  who  believe  in  a  solid  earth  to  give  us 
a  theory  which  will  have  in  view  all  geological  facts.  At  present 
we  get  from  them  little  more  than  an  acknowledgment  that  no 
theory  is  yet  in  sight,  or  a  disposal  of  the  subject  by  passing  it 
over  to  the  "geologist,"  instead  of  recognizing  that  the  facts, 
although  geological,  are  physical  and  merit  attention  from  phy- 
sicists as  much  as  the  tides  and  more  purely  mathematical  consid- 
erations. 

The  idea  that  the  continents  and  ocean-basins  have  been  in 
continued  progress  as  such  through  the  geological  ages  I  regard 
as  established  upon  as  good  evidence  nearly  as  the  fact  that  an 
animal  is  a  result  of  slow  development  from  a  ^erm ;  and  this 
evidence  is  similar  in  general  nature,  it  consisting  in  direct  knowl- 
edge of  the  successive  conditions  or  steps  of  progress  in  the 
development.  The  facts  from  America  are,  as  I  have  shown,  the 
facts  that  make  up  the  historical  geology  of  the  continent. 
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The  Archaean  dry  lands  are  now  believed  to  have  had  a  wide 
distribution  over  eastern,  northern  and  western  America,  as  I 
point  out  in  the  more  recent  edition  of  my  Manual  (even  New 
England  having  ArchsBan  areas  in  both  its  eastern  and  western 
portions),  and  the  regions  within  reach  of  abrading  and  degrad- 
ing agencies  were  therefore  of  sufficient  extent  for  the  needed 
Paleozoic  sediment-making.  The  sediments  can,  in  many  cases, 
be  proved  to  have  come  from  regions  not  far  distant ;  the  succes- 
sion of  mud-made  rocks  and  those  of  beach  or  sand-flat  origin,  to 
have  the  relative  positions  of  the  beaches,  sand  flats  and  off- 
shore deposits  of  a  growing  continent;  and  one  example  of  this 
I  shall  present  in  the  following  number  of  this  Journal.  More- 
over, facts  with  regard  to  marine  currents  and  wave-action, 
oceanic  and  sea-shore  depositions,  show  that  another  continent  m 
the  Atlantic  could  have  given  no  help  had  it  existed.       j.  d.  d. 

2.  The  Geology  of  Bermuda, — Professor  Wm.  K  Rice,  of 
Middletown,  Ct.,  has  a  valuable  paper  on  this  subject  in  Bulletin 
No.  25,  U.  S.  National  Museum,  Washington,  bearing  date  1884, 
but  issued  the  present  year.  It  is  accompanied  by  a  map  and 
other  illustrations.  Professor  Rice  after  a  special  examination  of 
the  coral  formations  of  the  island  agrees  with  Wyville  Thomson 
in  the  conclusion  that  none  of  the  rock  above  a  level  of  fifteen 
feet  is  true  under-water  coral  reef  rock ;  it  is  either  of  beach  or 
wind-drift  origin,  although  in  some  parts  260  feet  in  height. 
Three  changes  of  level  appear  to  have  occurred ;  that  in  which 
the  original  island  subsided  and  the  atoll  was  made ;  the  second 
an  uplift  above  the  present  level ;  the  third  a  subsidence  which 
led  to  extensive  marine  erosion  of  the  wind-drift  rock  and  the 
formation  of  the  shore  platform  and  cliffs.  The  supposed  evi- 
dence of  recent  sinking  is  reviewed  and  the  conclnsion  reached 
that  none  has  taken  place  at  least  since  1609 — the  time  of  the 
shipwreck  of  Sir  Thomas  Gates  and  Sir  George  Somers.  Dar- 
win's theory  of  the  origin  of  atolls  appears  to  be  sustained  by 
the  fact  that  at  a  distance  of  ten  miles  from  the  Bermudas  in  all 
directions,  excepting  the  southwest,  the  depth  is  from  1500  to 
2250  fathoms. 

3.  C.  D.  Walcott  on  the  Deer  Creek  Coalfield  in  Arizona, 
(Senate  Doc,  No.  20,  48th  Congress,  2d  Session). — Deer  Creek 
valley  is  about  13  miles  south  of  the  San  Carlos  agency,  between 
two  spurs  of  the  foot-hills  sloping  down  from  Mount  Trumbull  to 
the  Gila.  Mr.  "Walcott  states  that  in  a  section  across  the  upper 
end  of  the  coal  field  there  is  rhyolyte  to  the  north  and  andesyte 
to  the  south.  The  northern  boundary  of  the  valley  consists  of  a 
belt  of  Carboniferous  limestone  1200  feet  thick;  south  of  this 
occur  Cretaceous  sandstone,  clays  and  coal  seams,  nearly  3700 
feet  in  thickness,  apparently  conformable  to  the  underlying  Car- 
boniferous. There  is  also  a  band  of  Devonian  limestone.  The 
rhyolyte  and  andesite  outflows  were  subsequent  to  the  erosion  of 
the  valley. 

The  coal  beds  are  in  sandstone  referred  to  the  Cretaceous;  two 
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beds  have  each  a  thickness  of  about  ten  inches  clear  coal.     The 
coal  is  bituminous,  one  analysis  by  Mr.  Whitfield  obtaining  fixed 
.  carbon  60*85,  volatile  combustible  matters  17 '50,  moisture  0*56, 
ash  21-09=100. 

The  fossils  of  the  Carboniferous  limestone  determined  by  Mr. 
Walcott  include  Fuaulina  cylindrical  Productus  semireticulatus^ 
Spirifera  camerata  and  other  species.  The  coal  shales,  according 
to  Mr.  Lester  O.  Ward,  contain  remains  of  Sequoia^  JSabal^ 
Pfiragmites^  Myrica^  Viburnum^  and  other  kinds. 

4.  Crinoids  with  Articulating  Spines. — Dr.  G.  J.  Hindk,  in  the 
Annals  and  Magazine  of  Natural  History  for  March,  describes 
and  figures  fine  specimens  of  a  Crinoid  from  Arkona,  Province 
Ontario,  Canada,  having  articulating  spines.  He  refers  to  a 
paper  by  Professor  H.  S.  Williams  in  the  Proceedings  of  the 
American  Philosophical  Society  for  1883,  on  a  species  of  the 
kind — the  first  discovered — which  this  author  reierred  to  the 
new  genus  Arthroacantha,  As  this  name  essentially  had  been 
used  in  1854  by  Schmarda  for  a  genus  of  Rotatoria,  Dr.  Hinde 
substitutes  Systricrinus,  and  names  his  species  JS.  Carpenteriy 
after  Dr.  P.  Herbert  Carpenter. 

The  remarkable  fact  is  mentioned  (and  figured)  that  three  of 
the  eleven  specimens  obtained  have  a  shell  of  the  genus  Platy- 
ceras  Conrad,  covering  almost  entirely  the  vault  of  the  Crinoid, 
arid  with  the  same  position  in  all ;  in  one  the  shell  is  P.  erectum 
Hall,  in  the  others,  a  small  variety  of  P.  dumoaum  Conrad. 

5.  Creation  of  Continents  by  the  Ocean  Currents  ;  by  J.  Stan- 
ley Grimes.  116  pp.  12mo.  Philadelphia,  1886  fJ.  B.  Lippin- 
cott  A  Co.). — The  author  aims  to  show  that  the  three  pairs  of 
ocean-basins — those  of  the  North  and  South  Atlantic,  Pacific  and 
Indian  ocean — were  produced  through  the  weight  of  the  sediment 
collected  over  the  ocean^s  floor  by  three  pairs  of  elliptical  cur- 
rents; that  the  sinking  of  the  basins  drove  under  the  inter- 
oceanic  crust  the  fluid  or  plastic  rock  beneath,  and  so  made  the  three 
pairs  of  continents;  that  the  elliptical  oceanic  currents  flowed 
about  an  east  and  west  major  axis  between  the  equator  and  the 
45th  parallel,  and  that  the  southern  ellipses  were  about  50°  in 
longitude  east  of  the  northern. 

6.  Note  on  the  Sandstofies  of  Taquamenon  Bay^  Lake  Superior; 
by  N.  H.  WixcHELL. — The  editorial  note  of  this  Journal,  to 
which  Professor  Irving  takes  exception  in  the  March  number, 
page  258,  was  so  worded  in  its  relation  to  the  subject  under  con- 
sideration as  to  allow  an  erroneous  inference  as  to  the  opinion  of 
the  writer  respecting  the  age  of  the  sandstones  of  Taquamenon 
Bay.  This  inference  having  been  taken  by  Professor  Irving  he 
has  taken  considerable  trouble  to  show  that  I  am  wrong  in  hold- 
ing such  a  (presumed)  opinion.  Professor  Dana  quotes  correctly 
from  my  tenth  annual  report  (page  133),  and  if  Professor  Irving 
had  consulted  the  same  page  he  could  have  seen  that  the  italic 
"i/"  which  introduces  Professor  Dana's  quotation  throws  almost 
the  force  of  a  negative  against  the  inference  whiAi  he  assumes  as 
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legitimate ;  and  that  really  the  armament  of  the  whole  paragraph 
from  which  the  qaotation  is  made  is  intended  to  show  such  a  neg- 
ative. The  word  "  oonspicuous  "  in  that  paragraph  is  a  misprint  * 
for  ealciferous,  as  noted  in  the  errata. 
Minneapolis,  March  4,  1886. 
7.  Grand  Atlas  of  the  Second  Geological  Survey  of  Pennsyl- 
vania; J.  P.  Lesley,  State  Geologist,  Division  I.  County  Geo- 
logical Maps,  Part  I.  60  sheets  imperial  folio.  Harnsburg, 
1885. — A  grand  atlas  in  fact  is  this  first  part  of  the  atlas  of  the 
Pennsylvania  Survey.  The  best  style  of  map-making  and  map- 
coloring  have  been  employed  in  illustration  of  the  results  of  ex- 
cellent detailed  geological  work.  This  Part  I  contains  maps  of 
fifty-six  counties  on  forty-nine  sheets.  As  this  Journal  has  many 
times  stated,  the  survey  has  gone  forward  with  remarkable  en- 
ergy and  thoroughness  under  its  efficient  and  experienced  head; 
and,  owing  to  the  varied  resources  of  the  State,  has  become  more 
valuable  as  regards  its  economical  results  than  that  of  any  other 
State  in  the  Union.  It  has  also  contributed  largely  to  paleontol- 
ogy especially  through  its  volumes  on  coal  plants,  and  thrown 
light  on  many  of  the  problems  in  American  stratigraphical  and 
dynamical  geology.  The  anthracite  survey  is  making  good  pro- 
gress, and  also  the  unfinished  geological  surveys  of  a  few  of  the 
counties.  The  final  report  is  in  course  of  preparation  by  Profes- 
sor Lesley  and,  when  finished,  will  make  the  survey  of  largely 
increased  value  to  the  State  through  the  systematic  presentation 
of  the  facts  and  results  now  distributed  with  great  detail  in  the 
several  county  reports.  Pennsylvania  surpasses  all  other  States 
in  its  mineral  wealth,  and  can  therefore  well  afford  to  have  pre- 
pared and  published  the  most  extensive  of  all  geological  and 
mineral  State  reports. 

8.  Map  of  the  Dominion  of  Canada  geologically  colored 
from  surveys  made  by  the  geological  corps^  1842  to  1882.  Geo- 
logical and  Natural  History  Survey  of  Canada,  A,  R.  C.  Sblwyn,. 
Director. — This  fine  map  measures  six  feet  across,  and  is  a 
valuable  contribution  to  American  geological  science.  The  survey 
has  accomplished  a  great  work  in  gathering  the  materials  for  so 
detailed  a  map. 

9.  New  Minerals  from  Colorado :  Zuntite,  Guitebmanite. — 
Dr.  W.  F.  HiLLEBRAND  has  recently  described  two  new  minerals 
from  the  Zufii  mine  on  Anvil  Mountain,  near  Silverton,  San  Juan 
Co.,  Colorado.  Ziinyite  occurs  in  very  minute  tetrahedral  crys- 
tals showing  the  faces  of  both  the  plus  and  minus  tetrahedrons, 
parallel  to  which  there  is  easy  cleavage,  and  frequently  also  those 
of  the  cube  and  perhaps  the  dodecahedron.  The  crystals  are 
transparent,  except  for  fi-equent  black  inclusions  of  titanic  oxide, 
and  have  a  glassy  luster;  the  hardness  is  7  and  the  specific 
gravity  of  the  pure  mineral  2-875.  The  mean  of  a  number  of 
partial  analyses  made  upon  material  selected  with  all  possible 
care  is  % 
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SiO,     Pe,0«     A1,0,      K,0     Na,0    LiaO    HaO      P,0»       F        CI 
24-33       0-20       67-88       O'lO       0*24      tr.       1089      060      6*61     2-91  =  102-Te 
less  0  for  F  and  01  3*02 =99-74 

In  calculating  the  formula  the  Fe,0,  and  P,0^  are  neglected  as 
due  to  impurity,  and  the  water  is  assumed  to  be  basic  since  it 
does  not  go  off  at  270**  C.  The  atomic  ratio  for  Si :  (AIJ  : 
(H,  K,  Na)  :  (O,  F„  CI,) =0-4065  :  0-5674  :  1-2208  :  3-1232  or  nearly 
6  :  8  :  18  :  45,  corresponding  to  9R,0, 8A1,0„  6SiO,  with  part  of  the 
oxygen  replaced  by  fluorine  and  chlorine.  The  composition  can- 
not be  considered  as  definitely  established  as  yet,  and  the  very 
peculiar  interest  of  the  mineral  makes  it  deserve  further  examina- 
tion. The  zunyite  forms  the  gangue  of  an  uncrystallized  sulphide 
of  lead  and  arsenic  to  which  the  name  Guitermanite,  after  Mr. 
Franklin  Guitermau,  has  been  given.  When  fresh  it  is  of  a 
bluish-gray  color,  possesses  a  slight  metallic  luster,  a  hardness 
of  about  3  and  a  specific  gravity  of  5*94.  Analyses  on  two 
portions  afforded: — 


s 

As 

Pb 

Cu 

Ag 

Fe 

Zunyite 

I.  }  19-67 

13*40 

63-60 

0-17 

002 

0-43 

1-77                   =9906 

2.  1  19-66 

1300 

61-63 

0-17 

002 

0-88 

3-82        0  0-66=99-63 

Deducting  a  little  lead  sulphate,  free  sulphur  and  pyrite  there 
remain  S  17-68,  As  13-00,  Pb  59-85,  Cu  Ol7=90-70,  which  leads 
to  the  provisional  formula  3As  S„  lOPbS. 

Another  article  by  Dr.  Hillebrand  describes  the  occurrence  and 
giyes  analyses  of  several  interesting  minerals  from  the  American 
£agle  Mine,  Tintic  District,  Utah,  viz:  olivenite  in  crystals,  also 
in  compact  fibrous  form ;  conickalcite  in  emerald-green  globular 
forms  with  radiated  structure ;  chenevixite  in  olive-green  to  green- 
ish-yellow compact  masses  imbedded  in  the  ore;  also  jarosite  and 
a  hydrous  calcium  arsenate  in  fine  silky  white  needles.  He  also 
describes  hindheimite  from  Secret  Cafion,  Nevada;  zinckenite 
from  the  Brobdignag  Mine,  Red  Mountain,  San  Juan  County, 
Colorado ;  melonite  from  Boulder  County,  Colorado. 

10.  On  Colemanitey  the  new  borate  of  lime. — In  the  December 
number  of  this  Journal,  a  preliminary  notice  was  given  by  Profes- 
sor A.  Wendell  Jackson  of  the  crystalline  form  of  the  new  borate 
of  lime  from  Southern  California,  called  Colemanite  by  Mr.  J.  T. 
Evans.  Professor  Jackson  has  now  published  an  exhaustive 
monograph  on  the  same  subject  in  Bulletin  No.  2  of  the  Cali- 
fornia Academy  of  Sciences,  before  which  body  his  paper  was  read 
Oct.  6,  1884.  His  results  show  colemanite  to  be  one  of  the  most 
remarkable  of  minerals  both  in  the  beauty  and  perfection  of  the 
crystals,  and  the  complexity  of  their  forms.  The  crystals  are 
generally  clear  and  colorless  with  brilliant  faces  and  vary  for 
the  most  part  from  5  or  6  mm.  to  30  mm.  in  thickness.  In 
some  cases  they  line  the  cavities  of  large  geodes  in  the  massive 
mineral,  forming  most  beautiful  mineralogical  specimens.  Profes- 
sor Jackson  accepts  the  same  axial  ratio  in  his  monograph  as  was 
given  in  the  notice  referred  to,  viz : 

d:l:  c=  0-774843  :  1  :  0540998  :  /(?=69°  50'  45'. 
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He  gives  also  a  list  of  nearly  forty  planes  which  he  has  identified 
upon  the  crystals  under  examination.  The  crystals  have  a  per- 
fect cleavage  parallel  to  the  clinopinacoid  and  the  habit  varies 
from  medium  to  short  columnar,  the  unit  prism  ordinarily  pre- 
dominating; a  striking:  feature  is  their  resemblance  in  form  to 
crystals  of  datolite.  Professor  Jackson's  paper  contains  a  long 
list  of  measured  and  calculated  angles,  the  close  agreement  of 
which  is  an  evidence  of  the  perfection  of  the  crystals.  There  are 
also  four  plates  with  a  large  number  of  figures,  and  a  linear  pro- 
jection. It  is  not  often  that  a  new  mineral  species  admits  ox  so 
thorough  a  crystallographic  examination.  Prof.  Jackson  states 
that  the  locality  from  which  the  crystals  examined  came  was 
Calico  District,  San  Bernardino  Co.,  California  (not  Death  Valley, 
where,  however,  the  mineral  also  occurs). 

The  chemical  analyses  by  Mr.  J.  T.  Evans  have  led  to  the 
formula  2CaO,  3B,0,  +  5H,0  or  Ca,B,0„  +  6H,0 ;  it  is  very  near 
both  priceite  and  pandermite  (See  Syst.  Min.,  App.  II,  III),  from 
the  latter  it  differs  in  containing  two  molecules  more  water. 

The  same  mineral  has  been  studied  by  several  other  mineralo- 
gists, and  their  results  confirm  those  of  Professor  Jackson,  though 
made  on  a  smaller  selection  of  material;  see  vom  Rath  and 
Bodewig  in  the  Verhandl.  Nat.  Verein  d.  preuss.  Rheinl.  u. 
Westf.,  pp.  333  to  342,  and  Hiortdahl,  Zeitsch.  f Ur  Kryst,  x,  26. 
An  analysis  by  Bodewig  led  to  the  same  result  as  that  given 
above ;  that  of  Hiortdahl  varied  somewhat,  probably  from  want 
of  purity  in  the  material.  Hiortdahl  shows  that  the  optic  axes 
are  in  a  plane  normal  to  the  clinopinacoid,  the  acute  bisectrix  lies 
in  the  obtuse,  axial  angle  and  is  inclined  26°  25'  (for  Na)  to  the 
edge  of  the  base  and  clinopinacoid ;  the  interior  angle  of  the  optio 
axes  2Va=66®  21',  and  the  index  of  refraction  >S=1'68'76. 

11.  On  Koninckitey  a  new  hydrated  phosphate  of  iron, — ^M. 
CbsIro  has  recently  described  a  new  iron  phosphate  from  Yis^, 
Belgium,  which  he  has  named  after  Professor  De  Koninck  of 
Li^ge.  It  occurs  in  small  globular  forms  consisting  of  radiating 
needles,  transparent  and  nearly  colorless.  Examined  carefully 
these  needles  prove  to  have  a  single  perfect  cleavage  and  to 
belong  to  the  monoclinic  system.  Its  hardness  is  3*5,  and  specific 
gravity  2*3.  It  fuses  easily  to  a  black  bead.  An  analysis  yielded 
the  following  results: 

P,0o  FeaOa  A1,0,  HaO 

(})  34-8  33-9  [4-6]  26-8=100 

For  this  the  formula  Fe,0„  P,0^  +  6H,0  is  calculated.  Eoninckite 
occurs  associated  with  richellite,  a  hydrous  fluo-phosphate  of  iron 
recently  described  by  the  same  author  (see  this  .Tournal,  xxvi, 
411). — Mem.  Soc,  U^eoL  JBelgique^  xi,  24V. 

12.  AncUysU  of  Titanic  Iron  Sand  from  Brazil;  by  J.  B. 
Mackintosh.  (Communicated). — ^^rhe  mineral  analyzed  was  given 
by  Mr,  John  Gordon,  Jr.,  of  Rio  Janeiro  to  Professor  Egleston,at 
whose  suggestion  the  present  examination  was  made.     It  occurs 
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in  river  or  beacb  sands,  in  small  roanded  grains,  associated  witb 
monazite,  garnet,  tourmaline,  quartz  and  mica.  It  does  not  dis- 
solve sufficiently  in  hydrochloric  acid  to  give  the  titanium  reac- 
tion with  tin.     Its  specific  gravity  is  4*2.     An  analysis  afforded: 

TiO,  59-20  -  -<4i' 

Fe,0. 3211  ivci^-t'^ 

FeO 4-9  V^^ 

MprO 1-73  t  ^-■ 

SiO, 1-16  >^  u 

9909  '    .. 

Omitting  the  silica  which  is  present  as  a  mechanical  admixture, 
these  figures  lead  to  the  provisional  formula  3(Fe^0„  STiO,) 
-1-2 (FeO,  TiO,).  The  oxygen  ratio  between  protoxides,  sesqui- 
oxides  and  titanic  acid  =  1 :  4*5 :  ^,  or  for  all  the  bases  to  titanic 
acid  =  1:2.  About  85  per  cent  then  of  the  mineral  is  composed 
of  the  normal  titanate  of  sesquioxide  of  iron,  the  other  15  per  cent 
being  normal  titanate  of  the  protoxide,  which  separates  it  widely 
from  ordinary  menaccanite. 

13.  Minercdogieal  Notes ;  by  Edo  Claassen. — Mr.  Claassen 
states  that  he  has  found  08  per  cent  vanadic  oxide  and  a  trace 
of  chromium  oxide  in  the  magnetite  of  Newboro,  Canada;  also 
•028  per  cent  vanadic  oxide,  '006  per  cent  chromium  oxide  and 
5*27  per  cent  titanic  oxide  in  the  magnetite  sand  found  on  the 
shore  of  Lake  Erie. 

14.  Minerals  from  Middletown,  Vonn, — In  the  note  No.  9  on 
page  263,  the  closing  lines  of  the  first  paragraph,  relating  to 
cerussite  and  pyromorphite,  should  be  erased. 

III.  Botany  and  Zoology. 

1.  Origin  of  the  Fauna  and  Flora  of  New  Zealand. — Captain 
F.  W.  HuTTON,  of  New  Zealand,  in  articles  published  in  the 
Annals  and  Magazine  of  Natural  History,  xiii,  425  (1884),  and 
XV,  78  (1885),  presents  his  views  on  the  origin  of  the  New  Zea- 
land fauna  and  flora.  The  earlier  paper  reaches  the  conclusion 
that,  in  the  Lower  Cretaceous,  New  Zealand  formed  part  of  a  large 
South-Pacific  continent  extending  from  New  Guinea  to  Cbili,  and 
so  received  species  of  plants  and  animals  from  Australia,  Poly- 
nesia and  South  America ;  and  also  that  in  the  Eocene  another 
invasion  of  species  from  the  same  sources  took  place;  but  New 
Zealand  in  each  remained  an  island,  much  larger  than  at  present. 
In  the  later  paper  he  considers  the  facts  with  reference  to  inva- 
sions of  Antarctic  and  North -temperate  species  during  the  Pli- 
ocene.    The  following  facts  and  views  are  from  this  paper. 

New  Zealand  has,  to  the  eastward^  Chatham  Isles  (one  volcanic 
peak  of  which  is  600  feet  high)  400  miles  off,  and  the  Antipodes 
Islands  (700  feet  in  greatest  height)  450  miles  off;  to  the  south- 
wardy  the  Aucklands  (2000  feet  high)  240  miles  off,  Campbell 
Island  (1600  feet  high)  420  miles  ofi;  and  Macquarie  Island,  600 
miles  distant  from  New  Zealand. 
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As  large  a  number  of  New  Zealand  living  crustaceans  exist  in 
South  America  as  in  Australia,  half  as  many  antarctic  flowering 
plants,  the  grasses  excluded,  and  one-third  as  many  of  the  grasses. 
Five  of  the  New  Zealand  fresh-water  fishes  exist  also  m  Aus- 
tralia and  two  in  South  America.  Hence  the  conclusion  that  a 
former  land-connection  existed  between  these  countries,  as  had 
been  suggested  by  Sir  J.  Hooker,  Mr.  H.  N.  Moseley,  and  Mr. 
Wallace. 

Tasmania  and  New  Zealand,  600  to  900  miles  apart,  have  103 
species  of  flowering  plants  (6*75  per  cent)  in  common,  but  only 
two  fresh-water  fishes,  and  no  fresh-water  or  land  shells  with 
one  doubtful  exception. 

The  elevation  in  the  antarctic  regions  supposed  to  be  thus  indi- 
cated is  referred  to  the  Pliocene.  With  regard  to  the  extent  of 
New  Zealand  at  the  time  the  author  observes  that  all  the  out- 
lying islands  are  included  within  this  land  area  by  M.  Blanchard  ; 
only  Chatham  Island,  by  M.  A.  Milne-Edwards ;  and  probably 
all  the  area  eastward  to  Chatham  and  south  to  Maoquarie,  by 
Wallace.  At  Chatham  Islands  the  New  Zealand  species  include 
4  out  of  21  land  birds,  and  one  of  them,  the  gold  cuckoo,  is  migra- 
tory to  New  Zealand  and  Australia;  (on  Pitt's  Island)  one  liz- 
ard {Mocoa  Zelandica)y  a  slug  {Jhnella  bitentactUcUa)^  a  land 
shell  ( Thalassia  Neozdanica),  There  is  one  flightless  rail  (  Caba- 
lu8  modesties)  on  Pitt's  Island,  allied  to  OcydromuBy  but  nothing 
of  ApteryXy  Stringops  or  Ocydromus. 

At  the  Aucklands  are  found  a  number  of  New  Zealand  land 
birds,  three  species  of  land  shells  and  the  slug  JaneUa  bitenta- 
cvlata.  Of  the  flowering  plants  of  Auckland,  Campbell  and 
Macquarie  Islands  about  75  per  cent  occur  on  New  Zealand,  A 
connection  of  all  these  southern  islands  with  New  Zealand  is 
hence  probable.  And  as  these  islands  contain  antarctic  species 
not  occurring  in  New  Zealand  it  is  reasonable  to  conclude  that 
the  species  reached  New  Zealand  from  the  southward.  Wallace 
makes  the  route  for  the  Fuegian  plants  to  have  been  through  the 
South  Shetlands  from  the  Antarctic  continent;  and  Sir  J.  Hooker 
makes  Fuegia  to  be  related  more  or  less  evidently  in  its  plants 
with  all  the  Antarctic  islands,  excepting  those  in  the  vicinity  of 
New  Zealand. 

At  the  Kermadec  Islands,  460  miles  north  of  New  Zealand,  14 
per  cent  of  the  plants  are  endemic  species ;  and  the  isolation  of 
the  group  may  therefore  date  from  the  same  time. 

Chatham  Isles,  the  Aucklands  and  Campbell  Island  are  related 
in  their  rocks  to  New  Zealand,  which  are  mainly  non- volcanic. 
All  the  other  antarctic  islands  are  volcanic  excepting  South 
Georgia  which  has  a  mountain  range  of  slate. 

The  author  regards  it  as  probable  that  an  antarctic  continent 
south  of  Africa,  including  Tristan  d'Acunha  and  Kerguelen 
Island,  existed  from  the  Eocene  to  the  Pliocene,  but  that  a  par- 
tial submergence  separating  off  New  Zealand  occurred  between 
the  Eocene  and  Pliocene ;  and  that  Graham's  Land,  Enderby's 
Land  and  Victoria  Land  are  some  of  the  remnants  of  this  land. 
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The  Buccession  of  geographical  changes  was  then  as  follows. 
Before  the  close  of  the  «liirassic — as  Jurassic  and  Triassic  rocks, 
fossils,  and  coal  beds  show — New  Zealand  was  the  southern  por- 
tion of  a  continental  land  extending  through  Australia  to  India, 
the  Indo-oceanic  continent  of  Mr.  H.  F.  Blanford.  After  that  a 
separation  from  Australia  took  place,  and  in  the  Upper  Creta- 
ceons  New  Zealand  was  smaller  than  now.  Bat  in  the  Eocene  it 
spread  out  again,  as  above  remarked,  and  plants  and  animals 
were  received  from  the  north  and  south ;  and  again  in  the  Plio- 
cene, when  immigration  from  the  south  took  place.  Then  fol- 
lowed a  sinking  below  the  present  level,  to  be  elevated  to  its 
present  level  again  during  the  Quaternary. 

"  But  the  more  the  geology  and  palaeontology  of  large  geogra- 
phical regions,  like  North  America  or  Europe,  are  studied,  the 
more  clearly  we  see  that  subterranean  movements  have  effected 
large  regions  simultaneously,  or  nearly  simultaneously,  and  that 
the  local  deviations  from  uniformity  are  comparatively  small.  So 
it  comes  about  that  we  have  in  each  large  geographical  area  a 
series  of  rock  systems  which  are  nearly  synchronous  over  the 
whole  area,  although  not  synchronous  with  those  in  other  and 
distant  areas.  I  think  that  our  knowledge  of  the  palaeontology 
of  Australasia  is  already  sufficient  to  show  that  we  have  here  also 
another  of  those  large  geographical  areas  which,  when  viewed  on 
a  large  scale,  has  been  moved  uniformly ;  and  therefore  that  the 
rock-systems  of  New  Zealand  can  be  correlated  with  those  of 
Australia,  and  perhaps,  in  the  earlier  periods,  with  those  of  the 
peninsula  of  India." 

*'  Our  fauna  and  flora  is  indeed  a  standing  protest  against  the 
views  of  those  naturalists  who  would  make  the  winds  scatter 
abroad  insects  and  seeds  of  plants  over  hundreds  of  miles,  and 
who  imagine  land-shells  and  lizards  to  float  about  on  logs  for  days 
and  weeks  together  without  being  killed." 

With  regard  to  the  Glacial  era  of  the  South  Pacific^  Captain 
Hutton  observes  that  it  was  not  an  era  of  unusual  cold ;  that  no 
glaciers  ever  reached  the  sea-level,  although  extending  far 
beyond  their  existing  limits;  that  there  are  no  true  erratics;  that 
the  land  probably  stood  higher  than  now  by  perhaps  3,000  or  4,000 
feet,  and  thence  came  the  greater  extension  of  the  ice. 

This  era  of  the  greater  elevation  of  the  land  and  of  the  large 
extension  of  the  glaciers  was,  according  to  Captain  Hutton  (and 
"almost  all  New  Zealand  geologists  "J,  earlier  than  that  of  the 
northern  Glacial  period,  and  probably  coincident  with  the  Plio- 
oene  elevation.  One  argument  supporting  this  conclusion  is  the 
number  of  existing  endemic  species  on  the  island.  Again, 
marine  beds,  supposed  to  be  Miocene — the  *'  Pareora  system  " — 
containing  20  to  45  per  cent  of  living  species,  are  found  along 
New  Zealand  from  Southland  to  Auckland.  They  indicate  a 
warmer  climate  than  the  present.  Another  later  series  is  the 
^*  Wanganui  system  "  containing  70  to  90  per  cent  of  living  spe- 
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cies,  and  probably  of  newer  Pliocene  age.  The  era  of  elevation 
is  placed  between  these  two  of  depression.  A  later  series,  con- 
taining living  species,  and  therefore  Quaternary,  occurs  at  many 
places  on  both  islands. 

The  question  as  to  glacial  phenomena  in  Australia  has  been 
decided  adversely  by  Mr.  Tenison  Woods  and  Mr.  Howitt;  but 
probable  glacial  strisB  on  Victoria  are  described  by  Mr.  G.  S. 
Griffiths,  and  farther  north  by  Professor  R.  Tate.  Marine 
Pliocene  beds  have  been  reported  as  occurring  in  Victoria  up  to 
1720  feet  above  the  sea. 

IV.    Miscellaneous   Scientific  Intelligence. 

1 .  Part  Ily  Vol.  VII  of  the  Transactions  of  the  Seismological 
Society  vf  Japan, — This  volume,  recently  received,  is  mostly  occu- 
pied by  a  paper  from  Professor  John  Milne,  on  three  hundred 
and  eighty-seven  earthquakes  observed  during  two  years  (Oct., 
1881,  to  Sept.,  1883)  in  North  Japan.  Besides  a  statement  of  the 
instruments  used  and  the  stations  occupied,  and  a  catalogue  of 
the  earthquakes,  this  ^ives  one  hundred  and  twenty-three  maps 
of  the  areas  affected  by  single  earthquakes,  one  general  map 
shaded  to  represent  the  distribution  of  volcanic  and  seismic 
activity  in  Japan,  and  sixty-six  figures  of  the  tracings  made  by 
the  various  recording  instruments.  Many  of  these  latter  are 
extremely  curious  and  interesting,  but  must  be  seen  to  be  appreci- 
ated. No  description  can  do  them  justice.  The  earthquakes  are 
tabulated  with  respect  to  their  distribution  in  space  and  time  and 
their  relation  to  otner  natural  phenomena.  A  few  results  reached 
may  be  briefly  mentioned.  He  finds  that  eighty-four  per  cent  of 
the  eaithquakes  originated  under  the  ocean  or  on  the  sea  board ; 
that  the  winter  intensity  is  nearly  three  and  a  half  times  as  great 
as  the  summer  intensity ;  that  there  is  a  general  coincidence  be- 
tween the  maximum  of  earthquakes  and  the  minimum  of  tempe- 
rature and  that  there  were  1 1  '2  per  cent  more  earthquakes  at  low 
water  than  at  high  water.  Sixteen  earthquakes  occurred  simul- 
taneously in  separated  areas,  not  being  felt  in  the  intervening 
localities.  He  also  finds  that  the  indications  of  exactly  similar 
instruments  may  vary  considerably  at  stations  only  a  few  hun- 
dred feet  apart,  and  hence  concludes  that  the  amplitude  and 
period  of  the  vibration  constituting  an  earthquake  is  very  largely 
dependent  upon  the  character  of  the  soil  and  other  local  circum- 
stances. G.  6.  B. 

2,  Proceedings  of  the  Colorado  Scientific  Society^  vol.  i,  147 
pp.,  with  a  map.  1883-84. — The  Colorado  Scientific  Society,  the 
first  meeting  of  which  was  held  in  January,  1883,  has  now  pub- 
lished volume  I  of  its  Proceedings:  it  contains  a  number  of 
valuable  articles,  one  of  which  is  noticed  at  length  in  another 
place.  The  volume  closes  with  a  list  of  the  important  minerals 
of  Colorado.  It  is  announced  that  the  Society  expects  to  issue 
one  volume  annually  in  future.     The  officers  for  1886  are  Presi- 
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dent  Dr.  W.  F.  Hillebrand,  Vice-President  Mr.  P.  H.  van  Diest, 
Secretary  and  Treasurer  Mr.  F.  F.  ("hisolm. 

3.  Miport  on  the  Waters  of  the  Hudson  River  together  toith 
analysis  of  the  same^  made  to  the  Water  Commissioners  of  the 
City  of  Albany  ;  by  C.  F.  Chandler,  Ph.D.,  Jan.,  1885. — In  this 
paper  the  amount  of  soluble  matters  in  different  river  waters  is 
given  as  follows :  in  grains  per  gallon  of  231  cubic  iuches  and 
in  parts  per  10,000. 

FergftUoD.         Per  10,000  pftrto.   Mineral  matter. 
Hudson  River  at  Albany.  i-eeS-'T-Sg)         800-13-00        4-50-9-80 
Mohawk  River 6-260  1070  9-00 

Of  the  amount,  1*60  to  5*00  in  10,000  are  organic  and  volatile 
matters,  deducting  which  leaves  for  the  mineral  matters  in  the 
Hudson  River  waters  4'50  to  9'80  inch  in  10,000  parts  as  above 
stated,  and  for  the  mean  amount  7  11.  The  average  volume  of 
the  Hudson  at  Albany  is  given  at  618,111  cubic  feet  per  minute, 
equal  to  an  average  daily  flow  of  6,677,000,000  gallons.  The 
investigation  for  this  report  had  special  reference  to  the  purity  of 
the  waters  for  city  supply. 

4.  The  life  of  James  Clerk  MaxweU^  with  selections  from  his 
correspondence  and  occasional  writings;  by  L.  Campbell,  M.A., 
LL.D.,  Professor  of  Greek  in  the  University  of  St.  Andrews,  and 
Wm.  Garnett,  M.A.  New  edition,  abridged  and  revised,  422  pp. 
12mo.  London,  1884.  (Macmillan  <jb  Co.). — This  admirable  biog- 
raphy of  one  of  the  greatest  of  physicists  and  mathematicians 
and  best  of  men  is  an  abridgment  of  the  larger  work  published 
two  years  since. 

OBITUARY. 

John  Gwtn  Jeffreys,  the  distinguished  veteran  concholo- 
gist,  died  suddenly  on  January  24tb,  at  his  residence  in  London. 
Sir.  Jeffreys  was  bom  January  18,  1809,  at  Swansea,  Wales. 
His  earlier  papers  on  conchology  date  back  to  1828,  and  during 
the  past  fifty-six  years  he  has  been  a  constant  contributor  to  the 
literature  of  his  favorite  branch  of  science.  His  most  extensive 
work  is  the  "British  Conchology,"  in  6ve  volumes.  He  took  a 
leading  part  in  the  earlier  private  dredging  expeditions  around 
the  British  coast,  many  of  which  were  carried  out  in  his  yacht, 
the  "  Osprey,"  in  1861  to  1868.  When  the  deep-sea  dredgings 
were  undertaken,  with  the  aid  of  the  English  government,  in  1868 
to  1870,  in  the  "Lightning"  and  "Porcupine,"  off"  the  coasts  of 
Great  Britain  and  in  the  Mediterranean,  he  took  an  active  part  in 
those  explorations.  He  also  went  in  the  "Valorous"  to  Baffin's 
Bay,  in  1876,  for  the  chance  of  doing  some  arctic  deep-sea 
dredging.  In  1871  he  visited  the  United  States  and  Canada  for 
a  short  time,  and  while  here  made  a  brief  visit  to  the  U.  S.  Fish 
Commission,  then  in  its  first  year  of  existence,  and  took  part  in  a 
few  short  dredging  trips  in  Vineyard  Sound.  In  1880  he  went  by 
invitation  on  the  French  dredging  expedition  of  "Le  Travail- 
leur,"  in  the  Bay  of  Biscay.  For  several  years  past  he  has  been 
engaged  in  publishing  the  conchological  results  of  these  various 
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expeditions,  and  at  the  time  of  his  death  he  was  still  actively  en- 
gaged upon  the  shells  ofthe  Lightning  and  Porcupine  expeditiona. 
The  greater  part  of  these  have  already  been  published  by  him  in 
the  Proceedings  of  the  Zoological  Society,  and  probably  the  work 
on  most  of  the  remaining  groups  of  Gastropoda  was  well  ad- 
vanced, if  not  completed,  before  his  death. 

To  \Ir.  Jeffreys  more  than  to  any  other  conchologist  science  is 
indebted  for  the  careful  comparison  of  the  European  shells,  both 
recent  and  fossil,  of  the  numerous  British  and  continental  collec- 
tions, and  the  consequent  elimination  of  numerous  nominal  speciefl 
and  the  disentanglement  of  their  confused  synonymy.  He  was 
especially  interested  in  the  geographical  and  geological  distribu- 
tion of  European  moUusca,  and  contributed  very  largely  to  a 
more  correct  and  extended  knowledge  of  these  subjects. 

Mr.  Jeffreys  had  accumulated  during  a  long  and  active  life  a 
very  valuable  and  extensive  collection  of  European  shells,  includ- 
ing a  great  number  of  types  of  his  own  species,  as  well  as  those 
of  other  writers.  His  entire  collection  was  purchased  by  the 
U.  S.  National  Museum  two  years  ago,  and  a  considerable  part  of 
it  has  already  been  received  there.  It  should  be  a  matter  of 
congratulation  to  American  naturalists  that  this  unique  collection 
will  be  preserved  in  this  country  and  cared  for  in  a  manner  com- 
mensurate with  its  scientific  value.  a.  e.  v. 

Searlks  Valentine  Wood,  Jr.,  author  of  numerous  valuable 
papers  on  British  Geology — largely  the  Tertiary  and  Quaternary 
— died  on  the  14th  of  December  last,  in  his  tifty-fifth  year.  He 
was  the  son  of  the  well-known  paleontologist  of  the  same  name. 

Elementary  Text-book  of  Zooloj^y,  General  Part  and  Special  Part,  Protozoa  to 
Insecta.  By  Dr.  C.  Glaus,  Prof.  Zool.  and  Comp.  Anat.  Univ.  Vienna,  Director 
Zool.  Station  at  Trieste ;  translated  and  edited  by  Adam  Sedgwick,  M.  A.  Fellow 
and  lecturer  of  Trinity  College,  Cambridge,  with  Uie  assistance  of  F.  Q.  Heathcoie, 
B.A.,  Trinity  College,  Cambridge.  616  pp.  8vo,  with  491  woodcuts.  Part  2, 
Mollusca  to  Man,  with  706  woodcuts.     New  York:  1885.     (Macmillan  k  Co.) 

Scientific  papers  and  addresses  by  George  Rolleston,  M.D.,  F.R.S.,  Prof.  Anat 
and  Physiology  Oxford;  arranged  and  edited  by  Wm.  Turner.  LL.D.,  P.R.S., 
Prof.  Anat.  Univ.  Edinburgh,  with  a  biographical  sketch  by  Edward  B.  Tyler, 
D.C.L.,  F.R.S.,  Keeper  of  the  Museum,  Oxford.  In  two  vols.,  948  pp.  870,  with 
portrait,  plates  and  woodcuts.    Oxford  (Clarendon  Press).    New  York  (Macmillan 

A  Co.) 

Cm  Lydorganer  hos  Fiske.  En  physiologisk  og  oomparativ-anatomisk  Under- 
Bogelse,  ved  Wm.  Sorensen,  246  pp.  8vo,  with  4  plates.  Copenhagen,  1884.  (V. 
Thaning  A  Apels.) 

Memoir  upon  the  Formation  of  a  Deaf  Variety  of  the  Human  Race,  by  Alexan- 
der Graham  Bell  Paper  presented  to  the  National  Acad.  Sci.,  Nov.  13,  1883, 
86  pp.  4to. 

Gleanings  from  outcrops  of  Silurian  Strata  in  the  Red  River  Valley,  by  J. 
Noyes  Pan  ton,  M.A.,  paper  read  before  the  Manitoba  Historical  and  Scientific 
Society,  Winnipeg,  Nov.  27,  1884. 

Cauilogue  of  Fossil  Mammalia  in  the  British  Museum.  Part  I,  containing  the 
Orders  Primates,  Chiroptera,  Insectivora,  Camivora  and  Rodentia;  by  Richard 
Lydekker,  B.  A.,  F.G.S.,  etc  London.  1885.— The  British  Museum  '*  Catalogues  " 
are  largely  descriptive,  and  on  this  account  as  well  as  the  extent  of  the  ooUeotioDS 
have  great  value. 

The  Prehistoric  World  or  Vanished  Races ;  by  B.  A.  Allen,  820  pp.  8to,  with 
plates  and  cuts.    Cincinnati,  1885.    (Central  Publishing  House.) 
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Art.  XLIV. — Elasticity  of  Ice;  by  John  Trowbbidge  and 
Austin  L.  McEae. 

Apparently  the  only  previous  experiments  made  to  deter- 
mine the  modulus  of  elasticity  of  ice  are  those  of  Benjamin 
Bevan.*  He  went  to  a  pond  where  the  ice  was  about  ten 
centimeters  thick  and  sawed  one  end  and  two  sides  of  a  beam, 
leaving  the  other  end  attached  to  the  main  body  of  ice.  He 
then  loaded  the  free  end  and  obtained  the  absolute  modulus 
54x10*.  Nothing  is  said  about  the  ice  returning  to  its  first 
position  when  the  load  was  removed,  nor  of  the  deflection  due  to 
the  weight  of  the  beam  itself.  As  the  weight  of  the  beam  was 
four  or  five  times  the  heaviest  weight  used,  tnis  deflection  would 
be  quite  appreciable.  The  lower  surface  of  the  ice  apparently 
rested  on  the  water  of  the  pond  which  prevented  it  from  deflect- 
ing as  far  as  it  would  have  done.  The  upward  pressure  of  the 
water  would  in  part  counterbalance  the  efi^ect  of  the  weight'of 
the  beam. 

Methods  of  Observation. 

We  first  endeavored  to  obtain  the  modulus  by  a  direct  pull 
on  a  bar.  For  this  purpose  water  was  put  in  brass  tubes  closed 
at  one  end  and  boiled  so  as  to  expel  bubbles  of  air,  then  frozen^ 
sometimes  artificially,  but  generally  by  placing  the  tubes  out 
of  the  window  and  allowing  the  water  to  freeze  naturally.  The 
♦  PhU.  Trans.,  1826. 

Aji.  Jour.  Sci.— Thibd  Sbrdes,  Vol.  XXIX,  Na  173.— Mat,  1886. 
24 
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temperature  of  the  air  varying  from  —8°  0.  to  —18^  C.  After 
it  was  thoroughly  frozen,  water  from  the  water  pipes  was 
allowed  to  flow  over  the  tubes.  This  expanded  the  brass 
enough  to  allow  the  cylinder  of  ice  to  be  slipped  out  without 
appreciable  melting. 

Some  of  the  cylinders  looked  homogeneous  throughout,  but 
most  of  them  appeared  to  be  very  porous  along  their  axes. 

The  bar  was  nung  by  a  clamp  at  its  upper  end.  At  the 
lower  end  there  was  another  clamp  to  which  a  scale  pan  was 
attached.  A  small  fibre  was  fastened  to  the  bar  at  the  upper 
mark  and  terminated  in  a  pointed  plumb-bob.  The  fiber  hung 
clear  of  the  ice  so  that  its  length  remained  invariable  and  the 
yielding  of  the  upper  support  made  no  difference.  The  increased 
difference  in  the  readings  of  the  plumb-bob  and  of  the  lower  mark 
gave  the  elongation  for  a  given  weight.  The  increased  length 
being  so  small  and  the  least  wind  causing  the  fiber  and  bar  to 
swing,  the  errors  of  observation  were  so  large  that  this 
method  was  abandoned. 

It  may  be  interesting  to  note  that  a  bar  left  suspended  an 
entire  day  (temperature  —18°  C.)  changed  from  a  cylinder  to  a 
frustrum  of  a  cone. 

The  next  experiments  were  made  to  get  the  transverse 
vibrations  of  the  ice.  The  bars  were  obtained  in  the  same 
manner  as  in  the  previous  method.  A  sewing  needle  frozen 
transversely  to  one  end  of  the  bar  served  as  a  pointer.  The 
other  end  was  firmly  clamped.  The  clamp  was  cooled  to 
zero  before  the  ice  was  put  in.  A  tuning  fork  was  placed  by 
the  side  of  the  ice  and  so  arranged  that  the  two  pointers  were 
on  a*line.  The  tuning  fork  and  bar  were  then  set  in  vibration 
and  a  piece  of  smoked  glass  drawn  under  the  two  pointers 
receivea  the  two  curves.  Knowing  the  rate  of  the  tuning  fork, 
the  number  of  transverse  vibrations  of  the  ice  was  obtained  by 
comparing  the  number  in  equal  distances  along  the  two  curves. 

We  experienced  great  difficulty  from  the  ice  breaking  when 
it  was  clamped  or  when  it  was  struck  to  set  it  in  vibration,  but 
by  continued  trials  we  succeeded  in  obtaining  two  well-defined 
curves.  The  height  of  the  vibrations  was  about  one-third  of  a 
millimeter.  It  is  not  certain  that  the  ice  always  attained  its 
proper  pitch. 

The  results  are  expressed  in  the  following  formula : 

(•28)«r« 
in  which  Z=  length  of  the   bar,  r=  the  radius,  «=  speoific 
gravity  and  n=  the  number  of  transverse  vibrations  per  second* 
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Esxperiment  L — Jan.  29,  1885. 
/=33*cm.      r=-7'7  cm.      *='886      n=64'16 
.-.     E=66X10' 

Experiment  II.  —Jan.  31, 1886. 
/  =  35-  cm     r  =  "90  cm    «  =  '886     »  =  6 1  -4 
.-.  E  =  66  X  lO*. 

Trane^eree  Deflection. 

We  next  went  to  a  neighboring  pond  and  sawed  rectangular 
beams  of  ice  and  made  measurements  upon  their  elasticity  at 
the  pond.  Two  boards  about  20  cm.  wide  and  60  cm.  long 
were  laid  upon  the  ice.  Two  half  cylinders  of  wood  were 
placed  upon  these  to  form  the  supports  for  the  beams.  The 
cathetometer  rested  upon  a  board  30  cm.  square  placed 
upon  the  ice.  It  read  to  fiftieths  of  a  millimeter.  After  the 
experiments  the  part  of  the  scale  used  was  compared  with  a 
standard  centimeter,  made  by  Prot  W.  A.  Rogers  of  the  Har- 
vard Observatory,  and  each  millimeter  was  found  to  be  not 
more  than  -02""  in  error,  so  the  readings  were  not  corrected. 
A  vertical  rod  with  a  needle  at  the  top  was  inserted  in  a  board 
15  cm.  square  and  served  as  an  index.  The  index  was  placed 
on  the  middle  of  the  beam  and  the  weights  were  arranged 
symmetrically  on  each  side. 

The  ice  was  23  cm.  thick,  had  no  cracks  or  fissures  and 
seemed  to  be  free  from  air  bubbles.  There  were  about 
3  cm.  at  the  bottom  which  appeared  to  be  of  a  later  forma- 
tion than  the  rest,  it  was  therefore  sawed  off. 

Care  was  taken  to  have  all  the  apparatus  below  zero  before 
the  experiments  began  so  as  not  to  melt  the  ice.  The  wind 
was  very  light  all  dav  and  did  not  shake  the  index.  The 
results  are  given  in  tables  I  and  II. 

The  difference  in  the  modulus  of  the  same  bar  with  the  same 
weight  at  different  times  may  in  part  be  due  to  slight  variations 
in  the  positions  of  the  weights.  The  index  was  simply  placed 
CD  the  beam  and  may  have  been  jarred  by  putting  on  or  taking 
off  the  weights,  although  as  much  care  as  possible  was  taken  to 
avoid  these  errors.  There  did  not  seem  to  be  a  limit  of  perfect 
elasticity  to  any  of  the  beams  we  used,  but  all  gradually  bent 
under  their  own  weight.  The  readings  were  taken  before, 
daring  and  after  the  weights  were  on.  The  downward  deflec« 
tion  is  used  in  calculating  E'  and  the  return  deflection  E. 

The  formula  used  was  obtained  in  the  following  manner: 

Let  P=  weight  divided  in  halves  placed  equidistant  from  the  . 
center  of  the  beam,  a  =  distance  between  the  weights,  /  s 
length  of  span,  u;{=  weight  of  the  beam.    Take  the  origin  at 
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the  centre  of  the  curve.     Then  taking  the  moments  about  any 
section  between  one  of  the  weights  and  the  nearest  support  the 

elastic  eurve  E  ^-  =  /  (a)  becomes 

-s=-p^')a-«K"a-«)(y 
=-ia-«)-i(^-) 

bt 

%=-!(?-?)-?(¥-S)+« 

but  B=0 
I 
limits  a5=0,  »=x 

E/^=j^(P+fW)  since  I=^^cr 

and  W=W. 

«  =  the  deflection  at  the  centre  if  the  weight  was  there. 

limits  «=—     «=r- 
2  2 

E..=j^(P+|W)--^(f(«-«))_j|,(^(er-a-)) 
3^  =  the  deflection  at  x=z     when  the  weight  is  at  the  center. 

The  weight  of  the  beam  was  acting  all  the  time  so  that  we 
only  measured  the  deflection  due  to  the  weight  P.  Therefore 
the  part  containing  W  in  the  preceding  formula  will  disappear. 
By    the    principle    of    reciprocal    relations    a    weight    at   a 

distance  from  the  centre  »;=-  will  produce  the  same  deflec- 
tion at  the  centre  as  the  same  weight  placed  at  the  center  would 
produce  at  «=^.  If  the  weight  had  been  at  the  centre  we 
should  have 

4bd'e 
bat  we  have  Been  that 


Digitized  by 


Google 


Trowbridge  amd  McRas — Elasticity  of  Ice.  353 


*=- 
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2^  ' 


•••^=iw(^-T(''-«)-) 


At  another  time  we  went  where  the  old  ice  had  been  cut 
and  a  new  crop  about  5  cm.  thick  had  formed.  It  was  perfectly 
limpid  and  free  from  air  bubbles.  We  sawed  out  half  a  dozen 
bars  and  conveyed  them  to  the  laboratory  to  make  more  care- 
ful measurements.  The  cathetometer  rested  on  the  stone  steps 
of  the  laboratory.  The  same  kind  of  supports  was  used  as 
before.  The  index  consisted  of  a  needle  run  through  a  piece 
of  cork  which  was  pasted  on  the  ice  and  could  not  be  jarred. 
A  similar  index  was  placed  upon  the  supports  to  see  if  they 
gave  way  under  the  load.  It  was  found  that  they  were  firm 
and  did  not  vary.  All  the  apparatus  was  placed  out  in  the  air 
long  enough  to  acquire  its  temperature  before  the  experiments 
began. 

The  bars  were  smaller  than  the  former  ones  and  had  a  limit 
of  perfect  elasticity.  In  two  cases  the  limit  was  exceeded,  then 
smaller  weights  were  put  on  and  the  bar  was  again  perfectly 
elastic.  The  density  of  this  ice  was  greater  than  that  of  the 
ice  used  in  former  experiments.  Iftherefore  appears  that  ice 
has  a  limit  of  perfect  elasticity  if  small  bars  are  used,  but  that 
large  beams,  although  elastic  to  a  certain  extent,  gradually  bend 
under  their  own  weight.  The  results  are  given  in  tables  III 
and  IV. 

The  symbols  in  the  tables  are : 

L    =  length  of  the  span, 

T    =  temperature  of  the  ice, 

J    =  density  of  the  ice, 

b     =  breadth  of  the  beam, 

d    =:  depth  of  the  beam, 

P    =  weight  applied, 

5'  =  deflection  of  the  beam  from  zero  under  a  given  load, 

^    =  the  rise  of  the  beam  when  the  load  is  removed, 

^    =s  modulus  of  elasticity  using  ^'^ 

e     r=  modulus  of  elasticity  ubing  5, 

a    =  distance  between  the  weights. 

The  measurements  are  made  in  the  0.  G.  S.  system  of  units. 
The  temperature  is  given  in  Centigrade  degrees. 

The  values  of  e  and  e'  are  given  in  absolute  measure. 


I.     Fbbbuart  12, 

1886. 
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^ 

E 

B' 
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30 
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•886 
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10,000 
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II.    Febbuabt  13, 

1886. 

Bar. 

L 

a 

T 

A 

6 

d 

P 

^ 

^ 

E 

E' 

B 

148 

30 

-30 

•886 

100 

11-0 

14,000 

•0285 

•014 

56xl0» 

26x10* 

0 

206 

It 

•* 

it 

100 

8-7 

6,000 

•046 

•036 

63  X  10» 

41  X 10* 

u 

It 

II 

It 

tt 

tl 

tl 

1. 

•0404 

•0302 

62     '• 

46     " 

it 

(1 

II 

It 

It 

It 

tt 

8,000 

•0495 

•0423 

69     " 

60     "  . 

It 

II 

It 

tl 

It 

It 

It 

10,000 

•0704 

•0494 

63     " 

44    " 

tl 

It 

»♦ 

tl 

" 

•1 

It 

12,000 

•0706 

•0635 

70     *• 

53     " 

li 

it 

II 

II 

It 

It 

tl 

10,000 

•0708 

•049 

63     ** 

44     " 

u 

It 

tt 

It 

It 

It 

II 

tt 

•056 

•046 

68     •' 

66     " 

tl 

II 

It 

It 

tt 

It 

It 

14,000 

•086 

•076 

67     " 

61     " 

It 

tt 

It 

tl 

It 

tt 

It 

tl 

•100 

•075 

68     *' 

44     »' 

tt 

II 

It 

II 

It 

It 

»i 

10,000 

•064 

•040 

78     •• 

68     " 

«1 

It 

It 

tt 

It 

8-7 

100 

10,000 

•049 

•0344 

68     *' 

48     " 

tl 

II 

It 

II 

It 

It 

(t 

14.000 

•0668 

•049 

67     " 

68     " 

it 

tt 

It 

It 

11 

II 

tl 

16.000 

-0699 

•0619 

73     '* 

63     " 

D 

212 

It 

It 

It 

175 

6-7 

10,000 

•156 

•064 

80     " 

28     *• 

tl 

It 

it 

11 

II 

It 

tl 

it 

•0998 

•0678 

76     •• 

43     " 

E 

213 

II 

If 

It 

17-6 

7-8 

10,000 

•100 

•036 

77     " 

28     " 

It 

tt 

it 

tl 

11 

It 

It 

14,000 

•121 

•066 

60     " 

32     " 

11 

tt 

t* 

It 

t* 

11 

it 

18,000 

•166 

•092 

64     " 

32     " 

II 

Average  .- 



66  X  10* 
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Fbbruabt  19 

,  1886. 
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E' 

H 

107 

20 

-70 

•920 

46 

>6 
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•010 

88  X  10* 

88  X  10* 

It 

It 

It 

It 

(1 

It 

It 
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II 

K 
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If 
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^  Weight  required  to  break  the  bar. 


IV. 

February  20.  1886. 

1 

L 

a 

T 

A 

h 
60 

d 

P 

^' 

^ 

E 

E' 

M 
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It 

It 
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It 

It 

It 

It 
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N 

It 

6-8 

6  0 

10,000 

•090 

•068 
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70  X 10* 

It 

It 

It 

It 

4,000 

•028 

•028 
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Average 

96      " 

♦  Weight  required  to  break;  the  bar. 
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Longitudinal  Vibratione. 

Before  using  bar  M  table  lY  we  KX)mpared  its  note  with  that 
of  a  pitch  pipe  which  had  been  graduated  by  a  siren. 
The  ice  gave  three-tenths  of  a  semitone  of  0  sharp. 

American  Pitch. 

Pitch  Pipe  C,         67-93  136-9  21V1  643-6  1087 

C#,      71-97  143-9  287-9  6768  1162 

€   =  modulus  of  elasticity, 

n  =  number  of  longitudinal  vibrations  per  second, 
/    =  length  of  bar, 
J  =  density  of  bar, 
I  n  =  1107.         1=  188.         J  =  -920. 

I  .-.  €    =4^h'  J  =  86  X  10*. 

;  Summation. 

i  Average  of  table  I 67  X  10' 

I  «  u       «     II 66         " 

"         «      «     III 71         " 

I  u         u      ii    lY 9g         ic 

I  "         "  all  the  observations    -        -        -     72        " 

i  We  assign  greater  value  to  tables  III  and  IV  than  to  I  and 

!  Average  of  tables  III  and  IV         -        -        -   84  X  10' 

**        "  transverse  vibrations         -        -        61        ** 
"        "  longitudinal        **  -        -         -    86         " 

Velocity  of  Sound  in  Ice, 

/"*"       /84X10* 
^~  r    ^  ^  r       .Qo/x    =  290,000  cm.  per  sec.  =  2900  m.  per  sec. 

or  about  nine  times  the  velocity  of  sound  in  air. 
I  Jefferson  Phjsioal  Laboratory. 


Abt.  XiV. — Contrihntions  from  the  Agricultural  Experiment 
Station  of  the  University  of  Wisconsin.  Digestion  Experiments; 
by  H.  P.  Armsby. 

The  methods  of  cattle-feeding  worked  out  by  the  scientific 
experiments  of  the  last  twenty  years  require,  as  their  basis,  a 
knowledge  of  the  average  composition  and  digestibility  of  the 
fodders  in  common  use.  ThanKS  to  the  labors  of  American 
experiment  stations,  we  have  now  a  very  fair  knowledge  of  the 
composition  of  American  feeding-stuffs;  but  for  all  estimates  of 
their  digestibility  we  have  been  obliged  to  take  the  results  of 
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experiments  oq  fodders  grown  in  foreign  countries,  no  deter- 
minations of  the  digestibility  of  any  of  our  fodders  having  been 
reported.  The  following  determinations  of  the  digestibility  of 
clover  hay,  malt^prouts  and  cotton-seed  meal  by  sheep  are 
therefore  presented  as  a  contribution  to  our  knowledge  of  the 
digestibility  of  American  fodders  : 

Fodders, — The  hay  was  first-crop  red  clover  hay,  of  good 
quality,  and  nearly  free  from  admixture  of  other  vegetation. 
The  malt-sprouts  and  cotton-seed  meal  were  also  of  excellent 
quality,  as  was  evident  from  their  appearance  and  was  con- 
firmed by  the  results  of  chemical  analysis. 

Conduct  of  experiments. — Two  grade  Ootswold  wethers,  about 
three  years  old  and  weighing  about  87  pounds  each,  were  used 
for  the  experimenta  The  animals  stooa  in  stanchions,  each  in 
a  separate  stall  specially  built  for  the  purpose.  They  were  fed 
from  zinc-lined  feed  boxes,  which  could  be  removed  to  be  filled, 
and  which  were  surmounted  by  a  funnel-shaped  structure  of 
boards,  which  effectually  prevented  any  scattering  of  the  fodder. 
Each  day's  fodder  was  weighed  out  separately  for  from  six  to 
ten  days  in  advance,  the  hay  in  cloth  oags,  the  bye-fodder  in 
glass  fruit  jars,  and  samples  were  taken  at  the  same  time  for  the 
determination  of  moisture  or  for  complete  analysis.  The  duns 
was  collected  in  rubber-lined  cloth  bags  {Kotfibeuiel),  attached 
to  the  hind  quarters  of  the  animals  by  means  of  a  light  harness. 
The  bags  were  emptied  every  twenty-four  hours  and  the  dung 
weighed. 

A  sample  of  about  100  ^rams  of  the  fresh  dung  of  each 
animal  was  at  once  taken  and  dried  in  a  water  bath.  When 
suflBciently  dry,  it  was  allowed  to  stand  loosely  covered  for 
about  twelve  hours,  then  weighed,  rapidly  ground,  and  pre- 
served in  a  tightly  closed  glass  jar.  The  percentage  of  water 
in  the  air-dry  dung  was  subsequently  determined,  thus  afford- 
ing data  for  calculating  the  daily  excretion  of  dry  matter  by 
each  animal  on  every  day  of  the  experiments.  At  the  close  of 
each  period,  the  samples  of  air-dry  dung  were  mixed  to  form 
an  analysis  sample  in  such  proportions  that  the  quantity  of  dry 
matter  from  each  day's  dung  contained  in  the  mixture  was  pro- 
portional to  the  amount  of  dry  matter  excreted  by  the  animal 
m  question  on  that  day. 

As  is  well  known,  it  is  necessary  in  digestion  trials  to  precede 
the  actual  experiment  by  a  preliminary  feeding  in  order  to 
remove  from  the  digestive  organs  remnants  of  previous  fodder. 
In  these  experiments  the  preliminary  feeding  and  the  actual 
trial  each  lasted  six  days,  in  most  cases.  Throughout  the 
experiments  two  grams  of  air-dry  salt  per  day  and  head  were 
given. 


Digitized  by 


Google 


H.  P.  Armshy — Digestion  Experiments.  857 

Sampling.-^^iuQ^  the  value  of  a  digestion  experiment  is 
largely  dependent  upon  the  correct  sampling  of  fodders  and 
dung,  particular  attention  was  paid  to  this  point. 

Each  day's  dung  was  sampled  by  spreading  it  out  in  a  shal- 
low tray  and  taking  small  portions  from  different  parts  of  the 
tray  until  the  desired  amount  was  obtained. 

The  malt-sprouts  and  cottou-seed  meal  were  sampled  at  the 
time  of  weighing  out  for  feeding.  The  amount  required  for  the 
last  four  days  of  the  preliminary  feeding  and  the  six  days  of  the 
actual  experiment  was  weighed  out  at  one  time,  each  day's  feed 
separately.  As  each  one  of  these  twenty  portions  was  weighed 
out,  a  small  amount  was  laid  aside,  and  the  mixture  of  these 
small  portions  constituted  the  analysis  sample. 

Substantially  the  same  method  of  sampling  was  applied  to 
the  haj"^,  but  as  it  was  desired  to  ascertain  by  these  trials  the 
average  composition  and  digestibility  of  a  considerable  quantity 
of  hay,  the  process  was  somewhat  more  elaborate. 

The  clover  hay,  to  the  amount  of  about  three  and  one-half 
tons,  was  run  through  a  power  feed  cutter,  using  nominally  a 
half  inch  cut,  although  most  of  the  hay  was  not  actually  cut  as 
fine  as  that  The  cut  hay  was  spread  out  on  a  tight  floor  and 
thoroughly  mixed,  being  handled  entirely  with  shovels  to  pre- 
vent, as  far  as  possible,  the  sifting  to  the  bottom  of  the  finer 
portions.  It  was  then  spread  out  about  two  feet  deep  in  an 
approximately  rectangular  form  upon  a  tight  floor.  Beginning 
near  the  diagonally  opposite  corners,  two  trenches,  each  about 
a  foot  wide,  were  dug  into  the  mass  parallel  to  the  longest  side 
of  the  rectangle,  care  being  taken  to  secure  whatever  dust  had 
sifted  through  to  the  floor.  (Very  little  dust  was  found.)  Two 
samples  of  about  500  pounds  each  were  thus  secured  and  stored 
separately  in  bins,  and  a  digestion  experiment  was  made  with 
each  sample. 

In  weighing  out  the  hay  for  the  experiments,  a  quantity 
more  than  sufficient  was  spread  out  upon  a  tight  floor  and 
cloth  bags  were  filled  by  taking  about  two  shovelfuls  each, 
from  different  parts  of  the  mass,  while  at  the  same  time  an 
analysis  sample  was  taken  in  the  way  above  described  for  the 
other  fodders. 

In  the  experiments  with  hay  alone  the  fodder  for  the  pre- 
liminary feeding  and  the  actual  experiment  was  weighed  out  at 
different  times,  so  that  we  have  two  analyses  of  each  of  the  500 
pound  samples  mentioned  above.  In  the  subjoined  table  these 
are  numbered  1,  2,  8  and  4,  and  their  close  agreement  attests 
the  accuracy  of  the  sampling. 
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47-19 

1-87 

47-24 

1-76 

47-32 

212 

46-89 

177 

56-79 

1-46 

27-83 

14:-66 
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Gompoaition  of  Fodders. —  Water  tVee. 

Alba-  Grade 

No.  Ash.       minoldi.         "Amides."    Fiber. 

1  Clover  Hay 511                   13-49                 32-34 

2  Clover  Hay 4*99  10-71              2-31        3299 

3  Clover  Hay 4-69                   13*73                 32-24 

4  Clover  Hay 4-86  10-71               290        32*88 

6  Malt  Sprouts-...  4-26  16-40               7*46        13-63 

10      Cotton-seed   Meal    701        4301  4*60         300 

Analytical  Methods. — Water  was  determined  by  drying  two 
grams  at  110^  C.  in  a  current  of  dried  illuminating  gas,  ash  by 
burning  at  a  low  temperature  and  deducting  CO,  and  char,  fat 
by  extraction  of  the  dry  substance  with  dry  sulphuric  ether, 
crude-fiber  substantially  by  the  modified  Weenae  method  of 
Wattenberg.*  Total  nitrogen  was  determined  by  combustion 
with  the  mixture  of  slaked  lime  and  sodium  carbonate  recom- 
mended by  Johnson  and  Jenkins.f  Protein  signifies  nitrogen 
X6*25.  **  Amides*'  (more  properly  non-albuminoid  nitrogenous 
matters)  were  deterniined  by  Stutzer's  method,:]:  the  soluble 
nitrogen  found  by  that  method  being  multiplied  by  6*26. 
Albuminoids  equal  protein  minus  "amides."  Nitrogen-free 
extract  is  by  difference. 

Pkbiod  I. 

During  the  first  period,  each  sheep  received  per  day  in  two 
feeds  700  grams  of  hay  from  one  of  the  500  pound  samples 

?reviously  mentioned,  with  water  ad  libitum  twice  per  aay, 
'his  amount  of  hay  was  eaten  clean.  The  analyses  above  show 
the  composition  of  the  hay  used  for  the  preliminary  feeding 
(No.  1)  and  the  actual  experiment  (No.  2).  As  weighed  out  it 
contained : 

No.  1,        83*87  per  cent,  of  dry  matter. 
No.  2,         83-69       "  **        *« 

The  water-free  dung  had  the  following  composition: 


Sbeep  1 
Sheep  2 


Ash. 

Protein. 

%^l 

Kltrogen- 
free  ex- 
tract. 

Fat. 

Per  cent. 
6-71 

Per  cent. 
14-38 

Per  cent. 
3519 

Per  cent. 
41-38 

Per  cent. 
2-72 

6-57 

14-00 

36-31 

41-51 

2-23 

The  weights  of  fresh  dung  and  of  dry  matter  excreted,  and 
of  water  drunk  were  as  follows: 

*  Jour.  f.  Landw.,  xxviii,  273. 

f  Am.  Ohem.  Jour.,  i,  7*^. 

X  Jour.  f.  Landw.,  xxviii,  108,  and  xxix,  473. 
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Sheep  1.  Sheep  a. 


Fresh 

Water-free 

Water 

Freeh        Water-free 

Water 

dQDg. 

dang. 

dang.            dang. 

drunk. 

Grmt. 

Gmif. 

Grms. 

Grms.            Grme. 

Grma. 

Nov.  11  .... 

611-4 

284-4 

? 

648-7           247-4 

? 

"     12.... 

613-3 

283-3 

0 

676-4           265-6 

0 

«     13... 

683*2 

317-8 

865 

6090           280-0 

1630 

"     14.... 

566-7 

263-2 

893 

6226         [226-4] 

1077 

"     15.... 

630-6 

303-5 

312 

849-5           367-2 

298 

''     16  .... 

669-3 

276-6 

0 
414 

636.3           269-0 

198 

Average   ... 

610-6 

2881 

640-3           286-8t 

641 

Correction*  . 

0-5 
288-6 

0-5 
286-3 

♦  For  dung  adhering  to  bags. 

t  Excluding  Nov.  14th. 

In  the  following  table  aro  calculated  from  these  data  the 
average  amount  of  each  ingredient  of  the  hay  eaten,  excreted 
I  and  digested  per  day : 

J  «  .  - 

i        sii       I       of       5m-        e- 

,,  ,        n    n  I   %%   SI   li   t 

Ciheep  1,  Grms.      Grms.     Grms.    Grms.     Grms.      Grms.    Grms. 

Fed,  700  grms.  hay 686-1      666-6      77*7      62-8      191-6      276-7      10-7 

Excreted,  610-6  grms.  dnng    2886      269-2      40-4     404      1015      1194        7-9 

Digested 297-6      2874      37-3      22-4       900      157-3        2-8 

Per  cent  digested 5e<8      51  *6     48*0     S5*7       47'  1       56*8     t6*S 

Sheep  B, 

Fed,  700  grms.  hay 6861      6666      777      62.8      191-6      2767      10-7 

Excreted,  640-3  grms.  dung    286*3      267-6      41-2      41*2      101-1      118*8        6*4 

Digested *299-8      289-1      36-5      21-6        90.4      157-9       '4-3 

Per  cent  digested 5M       51*»     410     U'i       iV%       511      4M 

In  these  computations  the  average  of  analyses  1  and  2  is 
assumed  to  represent  the  composition  of  the  hay.  The 
"Amides,"  being  soluble  in  Ti^ater,  are  assumed  to  be  wholly 
digestible. 

Period  II. 

In  the  second  period,  Sheep  1  received  700  grams  and  Sheep 
2  but  650  grams  of  hay,  each  in  two  feeds  per  day,  from  the 
second  of  the  two  500  pound  samples.  (Analyses  No.  3  and 
No.  4r.)     Here  follow  the  further  data  for  this  period. 

Dry  matter  of  hay. 

No.  8,         84'59  per  cent 
No.  4,         84-13       " 
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Composition  of  Dung. —  Water  free. 


Ash. 

Protein. 
(NX6-25) 

Crade 
Fiber. 

Nitrogen 
free  extract. 

Fat. 

Per  ct. 

Per  ct. 

Ferct. 

Per  ct. 

Ferct. 

Sheep  I  ... 

6-71 

13  99 

35-70 

41-24 

2-36 

Sheep  2  ... 

6-47 

1404 

3665 

41-68 

2-16 

Daily  Excretion. 

Sheep  1. 

Sheep  8. 

Freeh 

Water-free 

Water 

Fresh 

Water-fre« 

Water 

dang. 

dang. 

drank. 

dung. 

dang. 

drank. 

Grms. 

GrmB. 

Orms. 

Gnne. 

Grms. 

Gnna. 

Nov.  23.. 

607-9 

294-2 

695 

508-6 

2440 

978 

"    25  .. 

651-8 

300-8 

921 

589-8 

279-0 

695 

**     26.. 

618-6 

283-2 

113 

529-3 

245-4 

14 

"     27  .. 

554-1 

2530 

0 

480-8 

234-4 

0 

"     28  -. 

639-1 

301-3 

680 

565-7 

266-7 

1474 

Average  . 

614-3 

286-5 

483 

534-8 

253-9 

612 

Correction 

0-5 

0-6 

287-0  254-4 

Digestibility. 

^  S2         S  £.0  ^c  o® 

&S        S^       2       la       II       5$  i 

„       ^                  Sa        5a       &       5s        6g       S£  £ 

Skeqi)   1.                      Grms.       Grms.      Grms.   Grms.      Grms.      Gims.  Orms. 

Fwl,  700  grma.  hay   591-2      563-3      80-8      63-3      192-5      278*5  11.6 

Excreted,  614-3 grms. dung     287-0      267*7      40*2      402      102-4      118-3  6-8 

Digested    304-2      296-6      40-6      23-1        901       1602  4-7 

Per  cent  digested 51  '5       58*5     50*t     S6*5      46*8       57*5  40-9 

Sheep  !8. 

Fed,  650  grms.  hay 549-0      6231      75-0      68-8      1788      268*6  10-7 

Excreted,  534*8  grms.  dung    2544      237*9      35-7  *   35*7        90-7      106*0  5-5 

Digested 294-6      2852      39-3      23-1        88-1      152-6  5*2 

Per  cent  digested  J 5S*7       54*5     58*4     SrS      4rS       ftro  48*6 

As  in  period  I,  the  average  of  the  two  analyses  of  the  hay  is 
made  the  basis  of  the  computation. 

In  the  following  table  are  brought  together  for  more  con- 
venient comparison  the  results  of  periods  I  and  II. 

Percentage  Digestibility  of  Clover  Hay, 

Dry         Organic  Alba-  Crude       Nltrogen- 

matier.      matter.       Protein,      minolds.       fiber,     free  extract.  Fat. 

Sheep  1,       Percent.    Percent.     Percent.     Percent.    Percent    Percent.   Peroent. 

Period  1 50-8          51-6          48*0           35-7           47*1           56-8  26-2 

Period  II....     61-6           52-5          60-2          36-5          46*8          57-5  40*9 

Average    61*2          62-1          49-1           361           470          67-2  409* 

Sheep  2. 

Period  1 51-J           51-9          47-0          34*4          47-2           57-1  40*2 

Period  II 63-7           54-5          52-4          393          49*3           590  48*6 

Average 52-4          53-2          49-7           369          483           681  44-4 

Average  of  aU     51-8          62*7          494          36-5          47-7          67-7  42-7» 

*  Excluding  the  result  on  sheep  1  in  period  I  as  probably  erroneous. 
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Pebiod  in. 

In  a  third  period,  the  digestibility  of  malt  sprouts  was  the 
subject  of  experimer»t,  the  sprouts  being  fed  with  the  clover 
hay  already  experimented  upon.  Unfortunately,  Sheep  No.  2 
had  to  be  excluded  from  this  experiment  on  account  of  a  sore 
foot  in  consequence  of  which  he  ate  poorly.  Sheep  No.  1  re- 
ceived per  day  600  grams  of  the  clover  hay  and  175  grams  of 
malt  sprouts.  The  latter  were  soaked  in  hot  water  and  fed 
while  still  warm,  the  whole  amount,  together  with  half  the 
hay,  being  fed  at  night  and  the  remainder  of  the  hay  in  the 
morning. 

The  preliminary  feeding  in  this  period  was  continued  for 
nine  days,  but  the  analysis  samples  represent  the  material  fed 
during  the  last  four  days  of  the  preliminary  feeding  and  the  six 
days  of  the  actual  experiment. 

In  this  and  the  subsequent  period  the  average  of  analyses  1, 
2,  8  and  4  is  taken  to  represent  the  composition  of  the  dry 
matter  of  the  hay.  Its  digestibility  is  assumed  to  be  the 
average  of  that  found  in  Periods  I  and  II  for  the  animal  under 
consideration. 

Dry-  matter  of  Fodders. 

Hay  (No.  6),  83-49  per  cent. 

Malt  Sprouts,  (No.  6),  88-03      " 

OomposiHan  of  Dung. —  Water  free. 
Sheep  1 


1  '. 

Ash.            Protein.        Crude  fiber. 
Per  cent        Per  cent.         Per  cent. 

6-28            14-07             3409 

Daily  Excretion. 

Bheepl. 

Nitrogen- 

ft-ee  exlrac 

Per  cent, 

43-70 

St.         Fat. 
Per  cent. 

1-86 

Dec.  10     .... 
"    11   

Freeh  dnng. 
Orms. 

604-0 

802-5 

Water-free  dnng.      Wa 
Grme. 
276-6 
356-5 
298-6 
2811 
288-7 
266-5 

294-7 
0'6 

ter  drank. 
Orms. 
1120 
624 

"     ]2   

732-9 

0 

"     13 

"     14 

"     15 

Average   

Correction  .., 

626-8 

697-8 

622-6 

681-1 

1332 

86 

354 

586 

295-2 
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Fed,  eoOgnna.  hay 

Fed,  175  grms.  malt  sprouts  . 

Digestibility 

A  % 

Orms.     Gmu. 
600-9    476-4 
1541     147-5 

1 

Gmu. 

67-4 
36-8 

Gran. 
53-6 
25-3 

Gmu. 

163-3 

21-0 

ll 

ii 

Grail. 

236-3 
87-5 

2 

Grau. 
9-4 
2-2 

Total    

Excreted,  681-1  grms.  dung  . 

6550 
296-2 

623-9 
276-6 

104-2 
41-5 

78-9 
41-5 

184-3 
100-6 

323-8 
129-0 

11-6 
5-6 

Digested,  total 

Digested  from  hay  -->. 

359-8 
256-4 

347-3 
248-2 

62-7 
33-2 

37-4 
19-4 

83-7 
76-8 

194-8 
135-2 

61 
3*8 

Digested  from  malt  sprouts  . 
Per  isent  digested 

103-4 
67-1 

991 

29-5 
80-2 

18-0 
71  •< 

6-9 
Si*9 

59-6 
68*1 

2-3 
104*6 

Pbbiod  IV. 

The  preliminary  feeding  continued  six  days.  Each  animal 
received  700  grams  of  hay  and  176  grams  of  cotton-seed  meal. 
The  meal  was  given  dry,  sprinkled  over  the  night  feed  of  hay, 
and  the  fodder  was  always  eaten  clean.  For  sixteen  days  pre- 
vious to  the  preliminary  feeding  the  sheep  had  been  fed  the 
same  fodders,  and  in  approximately  the  samo  amounts,  as  in 
the  experiment.  The  analysis  samples  of  the  fodders  represent, 
as  in  reriod  III,  the  last  four  days  of  the  preliminary  feeding 
and  the  six  days  of  the  actual  experiment 

Dry  matter  of  fodders. 


Hay  (N 

t>.  9), 

84*09  per  cent. 

Cotton-seed' meal 

(No.  10.), 

92-41 

(( 

OompoBition  of  Dung.-^Waier  free. 

A»h. 

Protein. 

SSfr*       ,r?i^SJ;t. 

Fit. 

Par  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Pereent. 

Sheep  1  

6-44 

16-31 

34-57 

41-87 

1-81 

Sheep  a  ... 

6-35 

15-72 

33-98 

4216 

1-80 

Daily  Excretion. 

Sheep  1. 

BbeepZ. 

Frerti 

Water-ffee 

Water 

Freth 

Witer-fk«e 

Water 

dung. 

dang. 

drunk. 

dung. 

dnng. 

drank. 

Grau. 

Grnii. 

Grms. 

Gmu. 

Grms. 

Grms. 

January  8.. 

740-7 

297-0 

1417 

894-1 

369-7 

766 

"       9.. 

1010-1 

392-8 

761 

750-6 

307-0 

113 

«•      10.. 

805-2 

298-0 

1176 

759-7 

295-6 

1688 

"      11- 

792-4 

292-6 

1119 

70V1 

283-6 

1375 

•»      12- 

852-3 

342-0 

397 

921-5 

348-7 

411 

"      13.. 

686-8 

273-9 

1106 

699-6 

264*1 

978 

Ayerage  ... 

316-1 

994 

311-4 

872 

Correction. - 

0-6 

0-6 

316-6 


311-9 
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DigesHbUUy, 

1 

-.; 

d 

1 

1 

1 

t 

Sheep  1. 
Fed,  TOO  firrms.  hav . 

Grms 
688-6 
161-7 

Grms 
659  8 
150-4 

Grms 
79-2 
770 

Grms 
63-0 
69-5 

Grms 

191-9 

4-9 

Grms 

277-6 

45-0 

Grms 
11-1 

Fed,  175  grms.  cotton-seed  meal   ... 

23-5 

Fed,  total 

750-3 
3166 

710-2 
296-2 

156-2 
48-5 

132-5 
48-5 

196-8 
109-4 

322-6 
132-6 

34-6 

Excreted,  814'6  grms.  dung 

5-7 

Digented,  total 

433-7 
301-4 

414-0 
291-7 

107-7 
39-0 

84-0 
22-7 

87-4 
90-2 

190-0 
158-8 

289 

PJgeRt^Hl  from  hay . 

4-5 

Digested  from  cotten-seed  meal 

Per  cent  digested 

132-3 
81*8 

760-3 
3119 

122-3 
81'S 

710-2 
292-1 

68-7 
89-2 

156-2 
49-0 

61-3 
88-2 

ia2-5 
49-0 

? 
? 

196-8 
106-0 

31-2 
69.S 

322-6 

131-5 

24-4 
lOS-0 

Sheep  f . 
Fed,  total 

34-6 

Excreted,  788-8  grms.  dung 

5-6 

Digested,  total 

438-4 
308-4 

418-1 
297-8 

1072 
39-4 

83-5 
22-9 

90-8 
92-7 

191-1 
161-3 

29-0 

Digested  from  hay 

4-9 

Digested  from  cotton-seed  meal 

Per  cent,  digested 

130-0 
804 

120-3 
80-0 

67-8 
88-1 

60-6 
8T-« 

? 
? 

29-8 
662 

24-1 
102-5 

It  is  of  some  interest  to  compare  these  results  with  those  ob- 
tained by  WolflFin  some  recent  experiments,*  also  on  sheep: 


DigeatOfilUif  of  OoUon  Seed  Meal 


Dry  matter 

Organic  matter 

Protein   

Crude  fiber 

Nitrogen-free  extract.. 
Fat 


WoIITb  experiment. 
74-0 
80-4 
84-7 

1  83'7 

87-6 


Average  of  tkese 
experimeots. 

81-1 

80-7 

88-7 

67*8" 


In  the  following  table  the  amounts  of  digestible  matters 
present  in  the  three  fodders  have  been  calculated  in  per  cents 
of  the  whole  fodder  : 


DiOXSTXBLX. 

1 

^ 

^ 

i 

^1 

^1 

i 

So 

t 

4 

■^1 

►»"*T 

i 

Clover  hay,  av- 

erage of  four 
analyses... 

16-07 

4-10 

11-30 

8*99 

27-37 

39-68 

1-68 

6*68 

3-27 

35-80 

0-67 

Malt  sprouts.. 

11*97 

3-75 

21-00 

14-44 

11-99  50-00 

1-29 

16-86 

10-27 

38-35 

1-29 

Cotton-seed 

meal 

7-59 

6*48 

44-00 

39-59 

2-77  25-72 

13-44 

39-07 

34-72 

17-67 

13-44 

*  Landwirthschaftliche  Yersucbs-Stationen,  xx>rii,  215. 
t  Digestible  crude  fiber  and  nitrogen-free  extract. 
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Pbobablb  Ebbobs  of  tbb  Bbsults. 

It  is  a  matter  of  some  importance  to  know  to  what  amount 
of  error  the  results  obtained  in  these  experiments  are  subject. 
They  obviously  are  net  susceptible  to  a  strict  mathematical 
treatment  accordi  g  to  the  theory  of  pr<'>babilities,  such  as 
might  be  applied  to  astronomical  or  physical  observations.  At 
the  same  time  it  appears  possible,  by  making  what  seem  reason- 
able assumptions  upon  certain  points,  to  fairly  approximate  to 
the  probable  errors  of  the  results.  In  the  following  paragraphs 
this  has  been  attempted  : 

Eocperimenta  with  hay  ahne, — a.  Errors  in  weighing  fodder 
and  dung.  The  hay  was  weighed  out  upon  a  balance  sensitive 
to  O'l  gram.  As,  however,  the  conditions  were  not  always 
favorable  to  extreme  care  in  weighing  we  will  assume  01 
gram  as  the  probable  error  of  a  single  weighing.  Then,  since 
the  weight  of  the  hay  was  obtained  by  subtracting  the  weight 
of  the  empty  from  that  of  the  filled  bag,  the  probable  error  in 

the  weight  of  hay  for  one  day  is  d=^0-r  +  01*=d=0'14  grms. 
In  like  manner,  the  weight  of  fresh  dung  daily  excreted  is 
subject-  to  a  probable  error  of  d=  0-14  grama  As,  however, 
the  experiment  was  continued  for  six  days,  the  probable  error 
of  the  average  for  one  day  is  in  each  case  dtz  0*14  -r  \/  6  =  0*068 
grams.  This  quantity,  expressed  as  per  centage  of  the  average 
amount  fed  or  excreted  (700  grams  and  622  grams),  equals 
0*008  per  cent  and  0*009  per  cent  respectively,  and  is  obviously 
so  small  that  for  the  purposes  of  this  calculation  it  may  be 
neglected. 

h.  Analytical  errors.  In  addition  to  the  errors  arising  in  the 
weighing  of  fodder  and  dung,  the  unavoidable  errors  of  analysis 
must  be  taken  into  account.  These  can  be  computed  with 
nome  degree  of  accuracy  for  the  determinations  of  dry  matter, 
nitrogen  and  crude  fiber.  For  the  organic  matter  and  fat  the 
data  are  less  complete,  and  owing  to  the  less  importance  which 
attaches  to  these  determinations,  the  computations  have  not 
been  attempted.  Nitrogen-free  extract  has  also  been  excluded 
from  the  computation,  because,  being  determined  by  difference, 
all  the  errors  of  the  other  determinations  are  included  in  it 

The  amount  of  dry  matter  fed  in  Periods  I  and  II  is  deduced 
from  the  average  of  analyses  Nos.  1  and  2  and  No&  3  and  4 
respectively,  or,  each  determination  being  in  duplicate,  from 
the  average  of  four  single  analyses. 

Taking  this  small  number  as  the  basis  of  a  calculation  of 
probable  error  we  obtain  the  following  results : 
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Period  I» 

V. 

VV. 

83-86  per  cent. 

+  0125 

00156 

83-89 

u 

+  0-155 

0-0240 

83-60 

a 

-0-136 

0-0182 

83-59 

n 

-0-146 

00210 

Sum, 

334-94 

0 

0-0789 

Average, 

83-T35 

(( 

Probable  error  of 

one  determination  0*110 

percent 

Period  II. 

84-65  per  cent 

+  0-2926 

0085556 

84-52 

t( 

4-0-1625 

0-026406 

84-13 

(t 

-0  2275 

0051756 

84-13 

ti 

-0-2276 

0-061756 

Sum, 

337-43 

0 

0-215475 

Average, 

84-3576 

(( 

Probable  error  of  one  determination  0*186  per  cent 

Subsequently,  twelve  determinations  of  dry  matter  were 
made  upon  another  fodder  (coarse  wheat  bran)  by  the  same 
method. 

These  twelve  determinations  gave  as  the  probable  error  of  a 
single  determination  of  dry  matter  by  this  method  ±  0'12  per 
pent,  a  result  agreeing  well  with  the  smaller  of  the  two  errors 
computed  above. 

If,  then,  in  our  computations,  we  assume  db  0*12  per  cent  to 
represent  the  probable  error  of  one  determination  of  ary  matter, 
we  shall  at  least  not  over-estimate  it 

For  a  computation  of  the  probable. error  of  the  nitrogen  and 
crude  fiber  estimations  in  the  dodder  w«  have  eight  determina- 
tions each,  made  on  samples  agreeing  so  closely  in  composition 
that  they  may  fairly  be  assumed  to  have  been  ioentical. 
On  this  assumption,  we  get  the  following  results : 


Kitrogen. 

• 

Grade  fiber. 

T. 

▼T^ 

T. 

TT 

2-10 

-0*05 

0-0025 

32-92 

—0-66 

0*4226 

2*20 

+  0*06 

0-0026 

32-95 

-0-62 

0-3844 

207 

-0-08 

0*0064 

33-56 

-002 

00004 

2-09 

-0-06 

0-0036 

33*64 

+  0-07 

0-0049 

2*21 

+  006 

0-0036 

33-71 

+  0-14 

0-0196 

219 

+  0-04 

00016 

33-44 

-013 

00169 

2-21 

+  0-06 

0-0036 

33*96 

+  0.39 

0-1521 

2*13 

-0-02 

0-0004 

34-36 

+  0-79 

0-6241 

17-20 

0 

0*0242 

268-66 

0 

1*6249 

216 

33-57 

Probable 

error  of  1  determination 

Probable 

error  of  1  determination 

±0040. 

±0-326. 

Twelve  determinations  each  of  nitrogen  and  crude  fiber  on 

the  sample  of  bran  mentioned  above  gave  the  follo^^ing  results : 

Ax.  Jour.  Scl— Thibd  Sbbies,  Vol.  XXIX,  No.  173,  Mat,  1886. 
26 
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Nitrogen.  Crude  fiber. 

Probable  error  of  1  determination...        0*052  per  cent  0*22  per  cent. 

These  figures  differ  somewhat,  but  not  very  greatly,  from 
those  computed  directly  from  the  analyses  in  question,  and 
serve  to  show  that  the  latter  include  no  gross  errors.  F  ^ 

The  determinations  of  dry  matter,  protein  and  crude  fiber 
in  the  dung  were  made  in  precisely  the  same  manner  as  with 
the  fodders.  As  only  duplicate  determinations  were  made  on 
any  one  sample  there  are  no  sufficient  data  for  a  computation 
of  probable  errors,  but  there  is  no  evident  reason  why  they 
should  differ  essentially  from  those  of  the  same  determinations 
on  fodders,  and  we  shall  assume  that  they  do  noL 

From  these  data  as  lo  the  probable  errors  of  the  percentages 
of  dry  matter,  protein  and  crude  fiber  found  by  analysis,  we 
proceed  to  compute,  in  grams,  the  probable  errors  of  the 
amounts  of  each  ingredient  eaten  and  excreted.  In  doing  this 
it  must  be  remembered  that  the  percentages  of  dry  matter  are 
to  be  calculated  upon  the  amount  of  air-dry  hay  fed,  or  of  fresh 
dung  excreted,  while  the  percentages  of  protein  and  crude 
fiber  are  to  be  reckoned  upon  the  amount  of  dry  matter  fed,  or 
excreted.  We  may,  for  convenience,  first  compute  the  proba- 
ble errors  on  the  basis  of  a  single  determination  each  to  be  as 
follows :  j 

Probable  Errors. — Single  Delermination, 

Average  conanmptlon.  Ayenwe  excretion.  ' 

Qnns.  Onue. 

Fresh   — 700  622 

Drymatter 588±0-84  287±0-75  | 

Protein  (N X  6-26) 78±l-47  39±0-72  | 

Crude  fiber 189±1-91  99±0-93  ! 

These  probable  errors  have  now  to  be  reduced  in  accordance 
with  the  number  of  observations  upon  which  the  value  of  each 
quantity  depends.     These  are  as  follows : 

For  dry  matter,  protein  and  crude  fiber  of  fodder,  four  deter- 
minations ;  for  protein  and  crude  fiber  of  dung,  two  determina- 
tions. The  value  for  dry  matter  excreted  rests  upon  duplicate 
daily  determinations,  repeated  for  six  days.  The  error  as 
above  computed,  then,  should  be  divided  by  ^/2X^/6=3•46. 

For  the  actual  probable  errors,  then,  we  find  the  following 
amounts : 

Probable  Errors. 

Ayerage  consumption.  Average  excretion.  Average  digested. 

Grms.                               Grms.  Onus. 

Dry  matter 588±0-42                    287 ±0-22  301  ±047 

Protein  (N  x  6-26)  . .  .              78  ±  0*74  .                   39  ±  0-61  39  ±  0-90 

Crude  fiber 189±0-96                     99±0-66  90±M7 

By  dividing  the  probable  errors  of  the  last  column  by  the 
amounts  of  the  corresponding  ingredients  fed,  we  obtain  the  per- 
centage error,  viz : 
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Dry  matter ±008  percent. 

Protein ±115       " 

Crude  fiber ±0-62      " 

That  is,  the  percentages  for  digestibility  as  given  on  p.  860 
are  subject  to  these  errors. 

Experiments  with  bye-fodders. — In  these  experiments  we  have 
the  additional  errors  arising  in  the  weighing  out  and  analysis 
of  the  bye-fodder. 

a.  Errors  in  weighing.  The  bye-fodders  were  weighed  on 
the  same  balance  as  the  hay,  but  wera  weighed  directly,  and 
are  consequently  subject  to  an  error  of  only  dz  O'l  gram  for 
a  single  weighing.  Both  bye-fodders  and  hay  were  weighed 
out  for  ten  days  at  a  time  instead  of  for  six  as  in  Periods  I  and 
11.  Plainly,  then,  the  error  due  to  weighing  will  be  less  than 
in  those  periods  and  may  be  neglected. 

b.  Analytical  errors.     The  analytical  errors  we  may  calculate  i 
upon  the  same  basis  as  before,  remembering,  however,  that  the 
composition  of  the  hay  in  these  experiments  is  the  average  of  j 
eight  determinations,   except   the   dry  matter,   which   is  the  i 
average  of  but  two  (compare  p.  858),  while  that  of  the  bye-fod- 
der is  the  average  of  only  two.  j 

The  errors  in  the  determination  of  the  excretion  would  be 
practically  the  same  in  amount  as  before. 

Pbobable  Ebbobs.  ' 

MaU  SprouU. 

Dry  matter.  Protein  (Nx6'25).  Grade  fiber. 

Grms.  Gtids.  Grms. 

Hay  fed. 600±0-51  67±0-44  163±0-67 

Malt  sprouts  fed I54±0-16  37±0-27  2I±0-36 

Total  fed./. 654±  104±  184± 

Excreted .     295±0-22  42±0*6l  101±0-66 

Digested 369±0-97  62±  83± 

Digested  from  hay...     256±0-40  33±0-76  76±l-08 

Digested  from  M.  S...     103  ±0*70  29±1'05  7  ±1-43 

Percentage  error ± 045  pr.  ct.  ±2 -84  pr.  ct.  ± 6*82  pr. ct 

Cottonseed  Meal 

Hay  fed 589±0-59  79±0-52  192±0-68 

C.  S.  M.  fed 162±015  77  ±0*29  5±0-37 

Total  fed 761±  156±  197± 

Excreted 314 ±0*22  49 ±051  109 ±0-66 

Total  digested 437  ±  107 ±  88± 

Digested  from  hay...     301±0-47  39±0-90  90±l-lY 

Digested  from  0.  S.  M.     136  ±0*80  68±M9  -2  ±1*66 

Percentage  error ±0-49  pr.  ct.  ±1  '55  pr.  ct  ±31  '01  pr.  ct 
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It  thus  appears  that  the  digestion  coefficients  for  the  bye- 
fodders  are  subject  to  a  considerable  analytical  error,  which, 
when  expressed  as  above,  of  course  varies  in  amount  with  the 
proportion  of  the  ingredients  in  question  which  the  bye-fodder 
contains.  Thus  the  absolute  probable  error  of  the  amount  of 
crude  fiber  digested  is  very  nearly  the  same  in  the  malt  sprouts 
as  in  the  cotton-seed  meal,  but  the  very  small  percentage  of 
fiber  contained  in  the  latter  substance  renders  the  percentage 
error  much  greater. 

There  is,  however,  another  and  more  serious  source  of  error 
in  the  determination  of  the  digestibility  of  bye-fodders.  G. 
Kiihn*  has  recently  shown  that  the  digestibility  of  the  same 
fodder  by  the  same  animal  may  vary  at  diflferent  times.  He 
shows  this  to  be  true  for  hay  alone,  and  also  for  a  mixture  of 
hay  and  bran.  In  these  experiments  the  same  phenomenon 
appears.  Sheep  No.  2  digested  the  hay  decidedly  better  in 
Period  II  than  in  Period  I,  (compare  p.  360),  the" differences 
being  much  larger  than  the  probable  errors  of  experiment, 
while  Sheep  No.  1  shows  no  such  difference  except  as  regards 
the  protein  and  perhaps  the  fat.  The  variations  of  the  single 
coefficients  from  the  mean  of  the  two  periods  is : 

Dry  matter  .. 1*3  percent. 

Protein 2-7      " 

Crude  fiber M      *» 

There  is  no  obvious  reason  why  the  digestibility  of  the  hay 
may  not  have  varied  from  the  mean  assumed  for  it  in  the  ex- 
periments with  bye-fodders.  We  have  no  measure  of  the 
probable  amount  of  that  variation,  but  it  is  reasonable  to 
assume  a  possible  variation  at  least  as  great  as  that  observed  on 
the  hay  alone.  Then  in  the  calculations  on  p.  863  the  values 
of  the  amounts  digested  from  the  hay  will  be  subject  to  a  possi- 
ble error  from  this  cause  of 

Malt  Bprout  G.  8.  M. 

experiments.  ezpertmenU. 

Dry  matter ±6-50  grms.  ±7-64gnna. 

Protein ±1-81     "  ±2-13     " 

Crudefiber ±1*79    "  ±2-11     *» 

Combining  these  with  the  probable  analytical  errors,  we  have 
the  following  for  the  possible  errors.  (We  omit  the  calculation 
for  the  sake  of  brevity.) 

Poiiible  Erron. 
Malt  Bproato.  Cotton-eeed  meak 

±  ± 

Dry  matter 6*54  grms.  =  4*25  per  cent  7 '67  grms.  =  4*74  per  oent 

Protein   2-09     "     =6-66      "  244     «     s»  3*17       " 

Crudefiber 2  29    "     =10*91      "  2*62     "     »62*37       " 

*  Landw.  yersuchs-Stationen,  xxiz,  1. 
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In  view  of  these  large  possible  errors,  it  is  quite  evident  that 
the  determinations  of  the  digestibility  of  these  three  ingredients 
of  the  malt-sprouts  and  cotton-seed  meal  have  little  scien- 
tific value.  This  was,  of  course,  sui&cientlv  evident  as 
regards  the  crude-fiber  of  the  cotton-seed  meal  from  the  fact 
that  an  apparent  negative  digestibility  was  observed.  Moreover, 
it  is  evident  that  the  fat  determinations  are  equally  valueless, 
since  an  apparent  digestibility  of  more  than  100  per  cent  was 
observed  in  every  case.  We  must  conclude,  then,  that  while, 
as  shown  on  p.  366,  the  digestibility  of  the  total  ration  was 
determined  with  reasonable  accuracy,  the  computation  of  the 
digestibility  of  the  bye-fodder  involves  so  many  possibilities  of 
error  that  the  results  have  very  little  valua  Essentially  the 
same  conclusion  was  reached  by  Kiihn  in  his  paper  already 
cited. 

If  we  concede  this,  however,  the  further  question  arises, 
whether  the  results  of  the  large  number  of  digestion  experi- 
ments made  upon  bye-fodders  during  the  past  twenty  years 
deserve  any  greater  degree  of  confidence.  Sk>  far  as  the  writer 
can  see,  this  question  must  be  answered  in  the  negative.  Both 
KtLhn's  experiments  and  those  here  reported  were  made  with 
every  precaution  to  ensure  accuracy,  and,  so  far  as  can  be 
judged  from  the  published  accounts,  are  at  least  equal  in  this 
respect  to  the  great  majority  of  other  experiments.  Moreover, 
it  has  been  assumed  that  there  was  no  error  of  sampling  and  no 
loss  of  either  fodder  or  excrement  In  short  the  computed 
possible  errors  are  due  simply  to  errors  of  analysis  and  possible 
variations  of  digestibility  and  these  we  have  endeavored  not  to 
over-estimate.  The  averages  of  a  number  of  determinations 
which  we  find  given  in  tables  vof  the  digestibility  of  fodders, 
have,  of  course,  a  certain  practical  value  as  approximations  to 
the  truth;  They  may  properly  be  made  the  basis  of  the  calcu- 
lation of  rations  in  practice,  but  neither  they  nor  the  single 
results  upon  any  given  fodder  can  properly  enter  into  any 
scientific  calculation  of  the  nutritive  effect  of  a  ration. 


Art.  XL VI. — Massive  Saffloriie  ;  by  LeRoy  W.  McCay. 

About  a  year  and  a  half  ago  I  published,  in  Freiberg, 
Saxony,  a  pamphlet  upon  cobalt,  nickel  and  iron  pyrites.* 
In  the  first  part  of  this  little  brochure  I  endeavored  to  show 
that  the  rhombic  modification  of  speiskobalt,  so  carefully 
described  by  Sandberger  and  by  him  called  spathiopyrite,  is 
identical  with  the  saffiorite  of  Breithaupt     The  arguments 

*Beltrag  zur  Elenntoiss  der  Kobalt,  Nickel-  und  EisenkieBe,  Freiberg,  1883. 
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adv^anced  in  support  of  the  identity  of  the  two  minerals  proved 
amply  convincing,   for,   shortly  after  the  appearance  of   the 

Eamphlet,  Sandberger,  in  a  letter  to  the  editors  of  the  Jahr- 
uch,*  distinctly  admits  his  willingness  to  withdraw  his  name 
spathiopyrite  and  to  substitute  for  the  same  the  Breithaupt 
term  safflorite. 

In  my  article  upon  safflorite,  however,  I  not  only  concluded, 
in  accordance  with  Breithaupt's,  Sandberger's  and  my  own 
researches,  that  there  was  actually  a  crystalline  rhombic  modi- 
fication of  speiskobalt,  but  also  that  there  was  undoubtedly  a 
massive  rhombic  modification  of  this  species.  Sandberger, 
now,  although  ready  to  admit  the  existence  of  the  crystalline 
modification,  i.  e.  safflorite,  calls  in  question  my  right  to  use 
the  term  to  cover  the  massive  varieties.  Why  he  should 
object  to  my  using  the  words  in  the  broad  sense  I  am  unable 
to  discover.  He  further  appears  to  doubt  the  accuracy  of  the 
statement  which  appears  so  often  in  Breithaupt's  Parag6nesis,t 
to  the  effect  that  speiskobalt  and  safflorite  appear  together, 
and  suggests  it  as  well  to  examine  the  specimens  belonging  to 
the  Freiberg  collection  with  the  view  of  discovering  what  this 
safflorite  really  is.  The  specimens  from  Bieber,  &)hneeberg, 
Beinerzau  and  Wittichen  which  Sandberger  had  opportunity 
to  examine  exhibited  no  indications  of  the  two  minerals  occur- 
ring together. 

It  is  just  possible  that  Sandberger  may  have  misunderstood 
me  respecting  my  reasons  for  inferring  the  existence  of  massive 
safflorite,  and  yet  I  am  unable  to  see  why,  for,  with  one  possi- 
ble exception,  my  language  on  this  point  is  perfectly  clear. 
It  is  not  intended  that  the  word  safflorite  shall  be  used  to 
designate  all  massive  varieties  of  speiskobalt,  as  Sandberger 
seems  to  infer,  but  only  to  specify  such  as  possess  as  high  a 
gravity  as  7*0.  It  is  a  well  established  fact  that  numbers  of 
specimens  of  massive  speiskobalt  give  specific  gravities  ranging 
from  6*9-7*3,  that  these  specimens  are  invariably  gray  and 
that  they  are,  as  a  general  thing,  rich  in  iron.  The  specific 
gravity  of  typical  smaltine  is  now  about  6*50,  consequently 
these  arsenides  cannot  be  real  smaltine,  and,  since  the  iron 
cannot  occasion  the  high  weight,  there  remains  but  one  species 
under  which  to  class  them  and  this  species  is  safflorite.  We 
have  a  massive  variety  of  the  rhomqic  modification  of  the 
nickel  arsenide  and  its  high  specific  gravity  is  its  exclusive 
determining  mark;  hence,  nickel  and  cobalt  being  twin 
elements,  the  right  of  insisting  upon  the  exisence  of  the  corres- 
ponding cobalt  compound  is  certainly  just  and  proper.     If  the 

*  Neues  Jahrbuch  fflr  Mm.,  GeoL  und  Palffiont.,  Jahrgang,  1884,  vol.  I,  pp. 
69-TO. 
f  Die  ParagvoesiB  der  Mintralien,  pp.  222,  223. 
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existence  of  tbe  massive  variety  of  safflorite  be  deemed  qaes- 
tionable,  then  the  existence  of  the  massive  variety  of  rammels- 
bergite  must  be  deemed  questionable,  for  the  proof  in  favor 
of  the  existence  of  the  former  is  fully  as  convincing  as  that  in 
favor  of  the  existence  of  the  latter.  I  feel  sure  that  the  major- 
ity of  mineralogists  will  support  me  upon  this  point  Before 
it  was  fully  settled  that  there  was  a  rhombic  modification  of 
speiskobalt  it  was  perfectly  proper  to  question  the  propriety  of 
regarding  these  heavy  varieties  as  other  than  tesseral  in  system, 
but  now  that  the  existence  of  safflorite  has  been  established  on 
an  incontrovertible  basis  no  doubt  can,  I  think,  be  raised  as  to 
the  right  of  classing  them  under  the  rhombic  form.  Thus  our 
classification  would  be  complete  for,  just  as  we  have  with  ref- 
erence to  nickel : 

I.  Chloanthite^  tess.,  sp.  gr.  6*50 

II.  Rammelsbergitc,  rhomb.,  sp.  gr.    7*122 

1.  crystalline. 

2.  massive. 

So  likewise  have  we  with  reference  to  cobalt: 

I.  Smaltine,  tess.,  sp.  gr.      6*50 
II.  Safflorite,  rhomb.,  sp.  gr.  7*129 

1.  crystalline. 

2.  massive. 

So  much  then  for  my  reasons  for  insisting  upon  the  existence 
of  the  massive  variety. 

While  engaged  in  studying  cobalt  and  nickel  minerals  I  did 
not  examine  a  massive  variety  of  safflorite  and  my  conclusions 
were  all  drawn  from  analyses  made  by  others.  After  reading 
Sandbarger*s  letter  I  wrote  to  Professor  "Weisbach  in  Freiberg, 
requesting  him  to  send  me  for  examination  some  specimens  of 
speiskobalt  which  should,  if  possible,  exhibit  the  occurrence  of 
smaltine  and  massive  safflorite  together.  Professor  Weisbach, 
with  his  usual  courtesy  and  amiability,  responded  immediately 
to  my  request,  and  forwarded  to  me  several  pieces  of  a  massive, 
gray  and  very  heavy  specimen  of  cobalt  arsenida  Upon  two 
of  these  pieces  there  are  perched  a  number  of  little  tm-white 
crystals  of  smaltine  perfectly  distinct  and  well  marked.  The 
Schneeberg  miners  call  the  gray  mineral  schlackenkobalt  and 
as  such  it  was  labeled. 

The  fracture  is  conchoidal,  the  structure  proper  finely  gran- 
ular and  microcrystalline.  Here  and  there  little  cavities  are 
visible  lined  with  microcrystals.  The  surfaces  exhibit  a  faint 
shimmer  and  some  pieces  show  a  play  of  colors.  In  addition 
to  the  smaltine  already  mentioned  there  is  present  a  small 
quantity  of  crystallized  quartz. 
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The  specific  gravity  was  first  taken  with  a  number  of  pieces 
about  the  size  of  peas,  no  special  care,  however,  being  observed 
as  to  selection,     i  obtained : 

1.  6-832 

2.  6-839 

3.  6*845 

Although  too  high  for  smaltine  the  results  were  unsatisfac- 
tory. A  careful  examination,  with  a  hand  glass,  of  a  large 
number  of  pieces,  disclosed  the  presence  of  numerous  tiny 
orifices.  I  therefore  selected  with  the  greatest  care  a  sufficient 
quantity  of  what  appeared  to  be  the  most  homogeneous  chips, 
and  again  made  two  determinations.     I  obtained : 

1.  6-868 

2.  6-859 

In  every  case  the  pieces  of  mineral  were  thoroughly  boiled  in 
water. 

These  figures  are  also  too  low.  All  five,  however,  agree  in 
a  very  remarkable  manner  with  the  specific  gravity  of  a  crystal- 
line safflorite  which  was  analyzed  by  Jaeckel^  in  Heintz's 
laboratory.  The  specific  weight  was  taken  by  Bose,  who  found 
6*840.  Bose  says  the  weight  is  low  owing  to  the  presence  of 
porosities.  Feeling  assured  that  these  porosities  were  the 
cause  of  the  trouble  in  my  case,  I  powdered  a  quantity  of  the 
schlackenkobalt,  brought  5*2555  grams  into  a  picnometer  and, 
having  filled  the  same  about  half  full  of  water,  placed  it  for 
one  hour  under  the  air  pump,  then  for  two  hours  on  the  boil- 
ing water  bath  and,  finally,  heated  the  water  in  the  bottle 
over  a  free  flame  to  boiling,  care  being  taken  to  avoid  any  loss 
which  might  result  from  too  violent  ebullition.  The  heating 
was  continued  for  several  minutes.  After  the  water  had  cooled 
to  the  temperature  of  the  room  the  specific  gravity  of  ih^e  min- 
eral was  again  taken.  In  this  case  the  result  was  most  satis- 
factory, the  figure  7*167  being  obtained.  Temperature  of  the 
water  during  the  experiment  25*5^  0.  The  mineral,  then,  is 
either  rammelsbergite  or  safflorite.  I  next  made  a  very  care- 
ful chemical  analysis  with  the  following  result: 
Quantity  for  analysis  0-5  grm. 

As 69-52 

S 0-90 

Co 18-86 

Ni not  even  a  trace  f 

Fe 9-40 

Cu 0-62 

Bi tr. 

Insoluble 1-30 


100-10 
^  Rose's  Krystallo-chemisches  System. 
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The  arsenic  was  estimated  according  to  a  method  of  my  own 
which  is  fully  described  in  the  Chemical  News,  vol.  xlviii, 
No.  1282,  page  7.  The  cobalt  was  determined  electrolytically. 
After  subtracting  the  insoluble  residue,  recalculating  and 
dividing  each  percentage  by  the  proper  atomic  weight  we 
obtain : 

As 70-36 

S 0-90 

Co 18-58 

Ni 

Fe 9-51 

Cu 0-62 

Bi tr. 


76 
32 
59 

56 
63 


0-938 
0-028 
0.3U1 

0-169 
0-009 


•492 


99-97 


To  form  RS*  14  atoms  of  R 
amount  from  492  we  obtain  : 


are  necessary.     Subtracting  this 


478  :  938     =     1 

=     1 


1-96 
2 


Hence  the  formula  is : 


it?i;U^=^'''^*'"'^^- 


My  analysis  of  schlackenkobalt  agrees  in  a  most  peculiar  way 
with  the  analysis  of  a  mineral  from  Schneeberg  which  was 
examined  by  Von  Kobell*  and  called  by  him  eisenkobaltkies. 
In  order  that  a  comparison  can  be  readily  made,  I  here  place 
the  two  analyses  along  side  of  each  other  : 


Von  Kobell  (Schneeberg). 
Sp.  gr.=6-95 
OryBtallized. 

As 71-08 

S tr. 

Fe 18-48 

Co. 9-44 

Ni ^ none 

Cu - tr. 

Bi 1-00 


McCay  (Schneeberg). 

Sp.gr. =7-1 67 

Massive. 

As 70-36 

S 0.90 

Co 18-58 

Fe 9.51 

Ni none 

Cu 0-62 

Bi tr. 


100-00  99-97 

It  will  be  seen  that  the  quantity  of  cobalt  in  the  schlacken- 
kobalt is  identical  with  the  amount  of  iron  in  the  eisenkobalt- 
kies and  that  the  quantity  of  cobalt  in  the  eisenkobaltkies  is 
identical  with  the  amount  of  iron  in  the  schlackenkobalt. 
This  is  certainly  most  remarkable !  Can  it  be  the  result  of 
chance  7    I  think  not ;  I  am  inclined  to  believe  that  Yon  Kobell 

•Yon  Kobell:  GrOnd.  Min.,  1838,  a  300. 


Digitized  by 


Google 


874  Trowbridge  amd  Haye^ — ApjpHcaUon  of 

made  a  mistake  in  writing  down  his  figares — that  he  con- 
founded the  cobalt  with  the  iron  percentage  and  vice  versa. 
The  sum  100  indicates  that  the  analysis  was  done  by  difference. 
Had  it  been  made  directly  and  had  the  sulphur  and  copper 
been  carefully  determined  the  chances  are  the  agreement  with 
my  results  would  have  been  even  closer. 

It  is  a  very  interesting  fact  that  the  mineral  analyzed  by 
Von  Kobell  was  crystalline.  He  says  it  was  between  tin-white 
and  light  steel-gray  in  color,  and  he  calls  attention  to  the  fact 
the  crystals  were  grouped  in  spheres  and  resembled,  individu- 
ally, thin,  flat  rhombohedrons.  The  mineral  will  be  imme- 
diately recognized  as  Breithaupt's  safflorite.  It  is  exceedingly 
gratifying  to  find  an  analysis  of  a  crystalline  safflorite  which 
agrees  so  well  (although,  I  must  confess,  in  a  peculiar  way)  with 
one  of  the  massive  variety  and  the  meaning  is  at  once  evident 

The  specific  gravity  7*167,  together  with  the  results  of  the 
chemical  analysis,  prove  without  a  doubt  that  the  heavy,  gray 
and  massive  mineral  sent  me  by  Professor  Weisbach  and 
labeled  schlackenkobalt  is,  indeed,  safflorite,  and  the  accom- 
panying tin-white  smaltine  demonstrates  conclusively  thatsmal- 
tine  and  safflorite  do  appear  together  and  that  too  in  precisely 
the  manner  indicated  by  Breithaupt  in  his  Paragenesia  I 
tlrust,  then,  that  this  article  will  serve  to  overthrow  any  donbt 
which  may  exist  in  the  minds  of  mineralogists  concerning  the 
certainty  of  the  existence  of  a  massive  variety  of  safflorite  and 
that  my  views  as  here  set  forth  may  atone  K>r  any  equivocal 
statement  or  statements  which  may  have  inadvertently  crept 
into  my  pamphlet. 

John  0.  Green  School  of  Science,  Princeton,  N.  J.,  Jan.  20th,  1886. 


Art.  XL VII. — Application  of  Photography  to  Electrical  Meas- 
uremenis ;  by  J OHN  Trowbridgb  and  Hammond  Vinton 
Hayes. 

In  the  study  of  electromotive  force  and  of  voltaic  cells  it  is 
often  desirable  to  have  long  continued  observations.  The  com- 
plete history  of  the  action,  for  instance,  of  the  Daniell  cell  with 
different  strengths  of  solution  extending  over  hours  or  days,  if 
it  could  be  presented  to  the  eye  as  a  curve,  would  be  valuable 
to  those  who  desire  to  know  the  behavior  of  such  a  cell  whUe 
it  is  doing  work  under  definite  conditions.  Such  curve  could 
•be  obtained  by  patient  observation,  but  it  would  be  unprofitable 
labor  for  one  to  spend  his  time  in  watching  the  excursions  of  a 
galvanometer  needle,  if  the  needle  can  be  made  to  recor^  its 
movements  by  any  devica 
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The  method  we  have  used  enables  one  to  study  the  action 
of  a  cell  at  one's  leisure,  the  apparatus  running  at  night  or  dur- 
ing the  day  wheo  one  is  occupied  with  other  work.  A  beam 
of  light  from  a  gas  flame  passes  through  a  vertical  slit  placed 
in  front  of  the  flame  and  is  reflected  from  the  concave  mirror 
of  a  tangent  galvanometer,  of  few  turns  of  wire,  through  a  hori- 
;sontal  slit  in  a  dark  box  in  which  a  sheet  of  sensitive  paper  is 
placed.  By  means  of  this  arrangement  of  a  vertical  and  a  hori- 
zontal slit  a  small  point  of  light  is  obtained.  A  stationary  concave 
mirror  is  placed  near  the  needle  of  the  tangent  galvanometer, 
so  that  the  same  beam  of  light  may  be  reflected  by  both  this 
mirror  and  the  one  attached  to  the  galvanometer  needle.  The 
spot  of  light  given  by  the  stationary  mirror  serves  to  mark  the 
zero  point  of  the  needle  when  no  current  is  passing  through 
the  galvanometer.  The  photographic  paper  is  placed  in  a  slide 
which  is  lowered  uniformly  by  the  unwinding  of  a  string  from 
a  little  cylinder  placed  either  upon  the  hour  hand  or  the  minute 
hand  o{  a  cheap  eight-day  clock.  When  the  electrical  cur- 
rent from  the  voltaic  combination,  which  is  being  used,  passes 
through  the  galvanometer  its  changes  in  strength  for  dinerent 
times  are  indicated  by  the  relations  of  the  two  lines  drawn 
upon  the  sensitive  paper.  The  line  drawn  by  the  light  from 
the  stationary  mirror  is  a  straight  one,  and  serves  for  the  abscissa 


•06 


of  times,  while  the  perpendicular  distances  from  the  curve  drawn 
by  the  mirror  attached  to  the  needle  of  the  galvanometer  to 
this  axis  of  times  give  the  ordinates  of  the  curve  drawn  by 
the  latter.  Rapid  printing  paper  was  used  and  an  ordinary 
gas  flame  gave  a  sufficiently  strong  spot  of  light  to  produce  an 
actinic  effect 
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Fig.  1  represents  the  action  of  a  modification  of  Trouv6's  bat- 
tery. During  this  experiment,  which  lasted  for  thirty  minotes 
there  were  five  ohms  in  the  external  circuit.  The  right  hand 
portion  of  the  diagram  shows  the  strength  of  current  when  the 
circuit  was  made,  and  it  will  be  observed  that  the  battery  was 
not  at  its  best  until  ten  or  twelve  minutes  after  making  the 
circuit;  from  this  maximum  point  the  strength  of  the  current 
gradually  diminishe&  Fig.  2  shows  the  action  of  the  same 
battery  with  ten  ohms  external  resistance.  Under  these  condi- 
tions we  find  at  the  instant  of  making  circuit  a  strong  current 
which  rapidly  diminishes  within  the  first  five  minutes  to  one- 
sixth  of  its  first  strength. 

Knowing  the  distance  of  the  galvanometer  from  the  sensitive 
paper  the  strength  of  the  current  may  be  calculated  by  measur- 
ing the  distance  between  the  two  lines  at  any  instant  and  pro- 
ceeding as  with  an  ordinary  galvanometer  and  scale. 

From  a  comparison  of  the  two  figures  the  electromotive  force 
may  be  determined  by  Ohm's  law,  if  the  distance  between  the 
lines  is  measured  at  the  instant  the  current  is  made.  Then 
knowing  the  electromotive  force,  current,  and  external  resist- 
ance, we  can  readily  find  the  internal  resistance.  This  resist- 
ance will  be  the  liquid  resistance  of  the  cell  only  for  the 
moment  that  the  circuit  is  made,  for  afterward  the  variation  in 
electromotive  force  due  to  polarization,  and  the  change  in 
resistance  of  the  liquid  due  to  electrolytic  action  will  combine 
to  cause  changea  Since,  however,  the  changes  in  electro- 
motive force  due  to  polarization  are  much  more  rapid  in  their 
action  than  the  changes  in  battery  resistance  a  very  small  error 
will  be  introduced  if  we  compare  points  near  each  other  on 
those  parts  of  the  curve  in  which  the  variation  in  current  is 
greatest:  during  the  small  fraction  of  a  minute  that  is  taken 
the  change  in  battery  resistance  will  be  infinitesimal  and  may 
be  neglected. 

We  have  selected  these  photographs  as  an  example  of  the 
large  variations  that  some  batteries  present  and  the  consequent 
usefulness  of  some  such  way  of  studying  their  action.  From 
measurements  upon  these  photographic  charts  the  variations  in 
electromotive  force  and  internal  resistance  can  be  studied  by 
obtaining  such  charts  under  different  conditions  of  external 
resistance.  It  is  evident  that  the  same  photographic  method 
can  be  employed  to  study  the  swing  of  the  needle  of  a  short 
coil  galvanometer  which  indicates  the  gradual  heating  of  a 
thermopila  In  this  way  the  conduction  of  heat  along  a  bar 
could  be  studied. 

Jefferson  Physical  Laboratory, 
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Art.  XLVIII. —  On  the  production  of  alternating  currents  by 
means  of  a  direct  current  dynamo-electric  machine;  by  JoHN 
Trowbridge  and  Hammond  Vinton  HAYEa 

It  is  often  desirable  to  transform  a  direct  current  into  an 
alternating  one  for  the  purpose  of  obtaining  electricity  of  high 
tension  by  means  of  a  JRuhmkorff  coil,  for  studying  the  effects 
of  stratifications  in  vacuum  tubes,  or  for  employing  alternating 
currents  in  the  study  of  magnetism.  The  best  way  is  un- 
doubtedly to  employ  an  alternating  dynamo-electric  matehine, 
as  has  been  done  by  Spottiswoode.  When,  however,  only  a 
direct  current  machine  is  available  the  following  method  can 
be  employed : 

1.  2. 


The  dynamo  machine,  if  it  is  not  a  shunt  wound  machine,  is 
shunted  by  a  suitable  resistance.  We  have  employed  for  this 
purpose  thin  ribbon  steel  about  1*5  cm.  broad  and  '01  mm.  in 
thickness.  The  remaining  portion  of  the  current  from  the 
machine  is  conducted  to  two  brass  or  copper  segments  a  a^,  fig. 
2.  This  current  is  led  to  the  primary  coil  for,  for  instance  of  a 
Ruhmkorff  coil  from  two  other  segments  6,  b\  These  segments 
are  fixed  upon  a  cylindrical  shaft  A,  fig.  1,  which  is  stationary. 
A  belt  passing  over  the  pulley  B  turns  the  wheel  C  upon  the 
face  D  of  which  revolve  four  brushes  which  connect  the  adjoin- 
ing segments.  The  brushes  a  a,  b  b,  are  made  adjustable, 
the  two  adjoining  brushes  being  electrically  connected,  and 
a  small  stream  of  water  plays  upon  the  segments  of  the  commu- 
tator. The  character  of  the  spark  produced  by  a  Buhmkorff 
coil  which  is  marked  by  alternating  currents  has  been  studied 
by  Spottiswoode.  Without  condensers  in  the  secondary  circuit 
a  bright  yellow  ^low  spans  the  distance  between  the  two 
terminals  of  the  coil  which  partakes  more  of  the  character  of  a 
voltaic  arc  than  of  the  ordinary  discharge  from  a  Buhmkorff  coil. 
The  apparatus  which  we  used  produced  three  thousand  reversals 
a  minute.  This  rate  was  too  rapid  for  the  best  effects  with  a 
Bubntkorff  coil.  It  enabled  us,  however,  to  study  the  musical 
note  produced  in  the  cores  of  the  electro-magnet  by  rapid 
reversals  of  the  current  in  the  electro-magnet,  and  also  tne  heat- 
ing effects  which  have  been  so  often  studied. 

Jefferson  PbTsical  Laboratory. 


Digitized  by 


Google 


378      Cla/rke  and  DUler — Topaz  from  Stonehma^  Me, 


Abt.    XLIX.  —  Tbpaa  from    Sionehamj   Maine ;    by    F.  W. 
Clarke  and  J.  S.  Diller.* 

In  1882,  Mr.  G.  F.  Kunz  called  attention  to  a  new  locality 
for  topaz,  discovered  by  Mr.  N,  H.  Perry,  of  South  Paris, 
Maine,  in  the  neighboring  town  of  Stoneham.  The  announce- 
ment aroused  considerable  interest  among  collectors  of  minerals, 
and  somewhat  later  the  locality  became  famous  as  a  source  of 
the  very  rare  species  herderite.  In  addition  to  topaz  and  her- 
derite,  the  locality  yields  albite,  apatite,  autunite,  biotite,  beryl, 
columbite,  damourite,  fluorite,  gahnite,  garnet,  muscovite, 
orthoclase,  quartz,  triplite,  and  zircon,  together  with  other 
materials  of  obscure  and  doubtful  character.  This  list  of  species 
was  furnished  by  Mr.  Perry,  who  also  supplied  us  with  material 
for  investigation. 

In  the  latter  part  of  1883,  Mr.  0.  M.  Bradburyf  published 
an  analysis  of  the  Stoneham  topaz,  which,  if  correct,  would 
show  the  mineral  to  be  quite  unlike  anv  topaz  hitherto  known. 
His  results  were  as  follows,  and  make  the  proportion  of  fluorine 
half  as  high  again  as  the  generally  accepted  formula  for  topaz 
would  require.  The  figures  in  parentheses  are  added  to  facili- 
tate comparison  with  our  own  data : 

Sp.  Or.  3*54 

Al ...27-14  (ALO„  51-26) 

Si 14-64  (SiO„  21-37) 

F 29-21 

O 28-56 

99-55 

The  peculiar  interest  attaching  to  these  figures  made  a  new 
analysis  desirable;  and  accordingly  the  task  was  undertaken  in 
the  laboratory  of  the  IT.  S.  Geological  Survey.  Meanwhile  Mr, 
Perry  had  called  our  attention  to  some  apparently  altered  topaz ; 
the  crystals  of  which,  having  the  unchanged  mineral  at  the 
centre,  were  transformed  upon  the  surface  to  a  dark  purple, 
soft  substance,  easily  cut  with  a  knifa  Between  the  purple 
zone  and  the  topaz  was  a  greenish,  intermediate  layer,  which 
shaded  oflf  imperceptibly  into  the  original  nucleus. 

Intimately  associated  with  the  topaz,  in  all  the  specimens 
received  by  us,  was  a  mineral  identified  by  Dr.  T.  M.  Ghatard 
as  damourite.  This  mineral  occurs  at  the  locality  in  two  forms  ; 
first,  as  a  broadly  foliated  mica,  much  like  a  pale  green  musco* 

*  The  microsoopic  and  crystaliographic  work  described  in  this  paper  la  entirely 
due  to  Mr.  Diller.— F.  "W.  C. 
f  Chemical  News,  zlviii,  109. 
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vite,  and  sometimes  very  well  crystallized ;  and  secondly,  as  a 
massive,  sabfibrous,  dark  green  variety,  suggestive  of  steatite 
or  serpentine.  Both  forms  were  analyzedoy  Dr.  Chatard,* 
and  the  analyses  have  already  been  published; — they  are  repro- 
duced here  for  comparison  in  series  with  those  of  the  topaz  and 
its  alterations.  The  latter  were  analyzed  by  Mr.  Edward 
Whitfield,  who  examined  the  topaz  itself,  the  greenish  inter- 
mediate layer,  and  the  outermost  purple  product.  The  topaz 
was  white,  massive,  and  somewhat  milky,  and  the  method  of 
analysis  was,  as  in  the  case  of  Bradbury's  work,  the  old  zinc 
oxide  process  of  Berzelius.  The  alkalies  were  estimated  with 
the  aid  of  the  bismuth  oxide  method  of  decomposition,  as  pro- 
posed by  Hempel,  and  modified  in  this  laboratory  by  Chatard.f 
The  results  may  be  tabulated  as  follows: 

A,   unaltered   topaz;    B,  greenish   layer;    0,  purple  zone; 
D,  massive  damounte  ;  E,  foliated  damourite. 


Sp.  Gr 

A. 
3-51 

8. 

B. 

3*42 

7. 

a 

2-82 
3. 

D. 

E. 

Hardness 

SiO,     

31-92 

57-38 

1699 

0.20 

015 

1-33 

17-21 
0-20 
012 
1-18 

3615     . 
53-18     . 
12-88     . 

0-90 

1-52     . 

1-28     ■ 

"Y-32 
0-17 

V.90 

'l'42 
0-14 

44-52     ■ 
46-19     . 

0-40 

3-74 

2-3A     . 

2-82 

"0-21 
0-30 
0-14     . 

"o"38 
3-99 

"o'is 

46-19 
33-32 

'"'V-48 

11-06 

1-57 

4-25 

0-68 

trace. 
0-36 

45-34 

AljGi 

33-96 

P 

H,0 

4-78 

K«0 

10-73 

Na,0 

1-49 

FeO 

MnO 

CaO 

3-96 
0-51 
0-22 

MgO 

0-10 

Deduct  oxygen.. 

107*97 
7-16 

106-40 
5-42 

100-62 
•16 

100-81 

101-09 

100-81 

100-98 

100-46 

If  we  now  consider  these  analyses  in  their  order,  we  find  first 
that  the  topaz  itself  is  ordinary  topaz,  having  none  of  the 
anomalous  character  indicated  by  Mr.  Bradburjrs  work.  The 
small  quantities  of  alkalies  present  may  be  attributed  either  to 
admixed  impurity,  or  to  an  incipient  alteration  such  as  is  sug- 
gested by  analyses  B  and  C.  The  latter  point  clearly  to  a 
progressive  change  from  topaz  towards  damourite,  the  fluorine 
and  some  alumina  having  been  gradually  eliminated  and  re- 
placed by  other  constituents.  This  change  was  probably 
Drought  about  by  the  action  of  potash  solutions,  proauced  by 
the  l^aolinization  of  adjacent  feldspathic  material,  the  removal 
of  fluorine  and  alumina  having  been  followed  by  the  taking  up 

*  This  Journal,  July,  1884.    Also  Bulletin  No.  9,  U.  S.  G.  & 
t  Bulletin  Ko.  9,  U.  S.  G.  8.,  1884. 


Digitized  by 


Google 


380      Cla/rke  cmd  DiUer — Topaz  from  Stonehamy  Me, 

of  potassium.  One  preliminary  experiment,  bearing  apon  this 
mode  of  alteration,  has  been  tried.  A  weighed  quantity  of  the 
topaz,  in  fine  powder,  from  the  sample  which  waa  analyzed  by 
Mr.  Whitfield,  was  digested  on  the  water  bath  for  seven  days 
with  a  weak  solution  of  potassium  carbonate.  Then,  after 
filtering,  the  amount  of  fluorine  in  the  filtrate  was  estimated| 
and  found  to  be  0*38  per  cent,  of  the  weight  of  topaz  taken. 
That  is,  fluorine  can  be  slowly  extracted  from  topaz  by  the 
suggested  process,  although  further  experiments  are  needed  to 
make  the  case  anything  like  complete. 

Inasmuch  as  the  chemical  analyses  alone  do  not  prove  com- 
pletely  the  change  from  topaz  to  damourite,  microscopic  slides 
were  made  and  examined,  using  the  specimen  which  showed 
the  alterations  most  perfectly.  In  this  specimen  the  purple 
zone  had  a  thickness  of  about  one  centimeter,  and  exhibited  on 
its  surface  the  crystalline  faces  of  topaz.  On  other  altered 
specimens  even  the  topaz  striae  were  distinctly  visible.  By 
means  of  the  well-marked  basal  cleavage  it  was  easy  to  deter- 
mine and  prepare  particular  sections  parallel  and  perpendicular 
to  the  vertical  axis,  and  both  sections  extended  from  the  out- 
side of  the  purple  border  into  the  fresh  topaz.  In  the  basal 
section  the  position  of  the  brachypinacoidal  plane  was  readily 
determined  by  means  of  the  plane  of  the  optic  axes,  which  is 
represented  by  the  vertical  line  in  the  middle  of  fig.  1. 


Basal  sectipD  of  a  Topaz  CrTstal. 
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In  the  topaz  there  are  many  liquid  inclnsions  (a,  a,  fig.  1^ 
from  which  the  bubble  readily  disappears  upon  heating ;  ana 
these  are  usually  arranged  in  planes  extending  in  nearly  the 
same  direction  as,  and  approximately  parallel  to  the  most  com- 
mon prismatic  planes  /  and  t-2.  Almost  at  right  angles  to 
these,  as  represented  in  fig.  1,  are  numerous  fissures,  (6,  5); 
which  lie  for  the  most  part  near  the  same  prismatic  planes. 
The  fissures  represented  in  the  lower  rigbt-hand  portion  (c)  of 
the  figure  are  nlled  with  a  finely  foliated,  micaceous  mineral, 
whose  physical  and  optical  properties,  as  far  as  they  can  be 
observed,  agree  fully  with  those  of  the  damourite  which  was 
subjected  to  analysis  by  Dr.  Chatard.  The  folise  of  damourite 
occur  in  fissures  only ;  and  although  considerably  interwoven, 
they  are  for  the  most  part  nearly  parallel  to  the  fissures  m 
which  they  lie.  The  same  fissures  (^,  i)  are  seen  in  a  vertical 
position  in  fig.  2,  which  represents  a  section   perpendicular  to 

Fig.  2. 


Vertical  section. 

that  shown  in  fig.  1 ;  i.  e.,  parallel  to  the  vertical  axis  of  the 
topaz.  In  fig.  2  the  basal  cleavage  of  the  topaz  is  plainly 
seen  (a,  a) ;  and  nearly  parallel  with  it  are  prominent  cross- 
fractures,  one  of  which  is  represented  near  the  middle  of  the 
section  (c).  The  damourite  extends  far  into  the  topaz  along 
these  basal  fractures  in  the  form  of  veins,  and  from  the  latter  it 
sends  oflF  tongues  into  the  prismatic  fissures.  These,  as  shown 
in  the  figure,  gradually  increase  in  size  from  left  to  right,  until 
the  topaz  entirely  disappears,  and  the  whole  mass  is  made  up 
of  scales  of  damourite.  The  position  of  each  scale  bears  no 
definite  relation  whatever  to  the  crystallographic  axes  of  the 
topaz;  although  the  folisB  are  generally  parallel,  they  are  often 
irregularly  interwoven.  The  fact,  as  shown  in  fig.  2,  that 
between  the  mass  of  the  topaz  and  the  damourite,  there  is  an 
intermediate  zone  in  whicn  both  are  intermingled,  is  exceed- 
ingly important.     Furthermore,  the  damourite  always  occurs  in 

Am.  Jour.  8ci.— Third  Series,  Vol.  XXIX,  No.  173.— May,  1886. 
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fractures  belonging  to  the  topaz ;  indicating  clearly  that  the 
fracturees  were  formed  before  the  damourite,  and  determioed 
its  position.  The  basal  flssares  of  the  topaz,  which  depend 
upon  its  basal  cleavage,  once  extended  directly  through  the 
place  now  occupied  by  damourite,  showing  that  the  same  space 
was  once  filled  oy  topaz,  and  that  the  former  must  be  an  altera- 
tion product  of  the  latter. 

It  will  at  once  be  seen  that  the  crystallographic  and  micro- 
scopic evidence  is  even  more  emphatic  than  the  chemical 
analyses  in  pointing  to  the  conclusion  that  the  altered  topaz  is 
essentially  damouriie.  And  yet,  if  we  compare  the  analysis  of 
the  purple  material  with  the  typical  damourite  examined  by 
Chatard,  we  find  that  the  transformation  is  chemically  not 
quite  perfect  More  alumina  must  be  lost  and  more  potassium 
must  be  gained  before  the  alteration  can  be  considered  com- 
pletely damouritio ;  or,  in  other  words,  certain  stages  of  the 
chemical  process,  although  easily  to  be  understood,  are  yet  to 
be  actually  observed  on  specimens  of  minerals.  The  state  of 
the  case,  as  it  stands  in  the  actual  specimens  under  considera- 
tion, is  probably  as  follows :  Analysis  A  represents  practically 
unaltered  topaz ;  B,  a  mixture  of  topaz,  damourite,  and  an 
intermediate  alteration  product ;  C,  a  similar  mixture,  with  the 
topaz  almost  wholly  removed  and  the  damourite  overwhelmingly 
predominating.  The  intermediate  product,  which  is  perhaps 
microscopically  identical  with  topaz  itself,  should  be  simply 
the  latter  species  with  its  fluorine  replaced  either  by  oxvgen, 
by  hydroxyl,  or  by  both;  and  its  formation  is  probably  a 
necessary  antecedent  to  the  production  of  the  damourite.  The 
loss  of  fluorine  appears  to  have  preceded  the  taking  up  of 
alkalies. 

In  order  to  make  clear  the  relations  between  topaz  and 
damourite,  we  may  profitably  consider  a  few  structural  formulse. 
Beduced  to  its  simplest  empirical  expression,  the  composition 
of  typical  topaz  corresponds  to  the  formula  Al,  F,SiO^.  This 
may  be  written  structurally  in  seven  different  ways;  three 
being  as  follows,  and  the  others  variations  of  these : 
1.  2.  8. 

^SiO. 
0-Al=0  >;,A1-F        Al 

F,=Si<  SiO,  "^  >0 

0-Al=0  ^  Al-F        Al 

^F, 

The  first  formula  is  rather  improbable,  the  second  represents 
an  orthosilicate,  the  third  falls  under  a  metasilicate  type. 
Which  one  is  best  supported  by  evidence  ? 

A  prime  difficulty  m  the  way  of  discussing  the  chemical 
structure  of  minerals  arises  from  the  fact  that  we  have  as  yet 
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no  trustworthy  means  of  ascertaining  their  true  molecular 
weights.  The  formula  of  topaz,  for  example,  may  either  be 
the  simple  expression  given  above,  or  a  multiple  of  that;  and 
our  only  method  of  even  approximately  solving  the  problem  is 
to  study  the  reactions  of  topaz,  or,  in  other  words,  its  modes  of 
alteration.  Now  the  simplest  formula  for  pure  damourite,  and 
one  which  is  commonly  recognized,  is  Al,KH,(Si04),.  That 
is,  damourite  is  far  more  readily  and  probably  figured  as  an 
orthosilicate  than  in  any  other  way  ;  and  this  fact  tends  to  sus- 
tain the  orthosilicate  formula  for  topaz. 

Inasmuch  as  the  formula  of  damourite  contains  three  SiO^ 
groups,  we  may  now  triple  the  simplest  formula  for  topaz,  and 
write  in  probable  structural  fashion  the  formulse  of  the  two 
minerals  side  by  side.  The  results  will  be  suggestive,  even 
standing  by  themselves ;  but  more  so  if  we  consider  at  the  same 
time  a  number  of  other  allied  species.  These  are  xenolite, 
fibrolite,  paragonite,  and  eucryptite.  Xenolite,  which  is  opti- 
call}'  identical  with  fibrolite,  has  been  reestablished  as  a  distinct 
mineral  by  the  analysis  of  Wiik;  fibrolite  is  unquestionably 
related  to  topaz ;  paragonite  is  the  sodium  analogue  of 
damourite,  and  eucryptite  is  especially  noteworthy  for  itsaltera- 
bility  into  hydro-mica.  Triplmg  the  formulae  commonly  as- 
signed to  fibrolite  and  eucryptite,  the  series  may  be  presented 
as  follows: 

/  SiO^=Al  ^SiO  =(  AlO).  /  SiO  =(A1F.). 

Al— SiO=Al  Al— SiO=Al  Al— SiO=Al 
\SiO=Al                   \SiO=Al  \SiO,^Al 

Xenolite.  Fibrolite.  Topaz. 

/  SiO  =KH.                     /  SiO  =NaH,  /  SiO  =Li, 

Al— SiO=Al  Al— SiO=Al  Al— SiO=Al 

\SiO=Al                        \SiO=Al  \SiO=Al 

Damourite.                                 Paragonite.  Eucryptite. 

Xenolite,  it  will  be  observed,  is  the  normal  orthosilicate  of 
aluminum,  and  from  it,  by  a  simple  process  of  substitution,  the 
others  may  be  directly  developed.  In  a  future  paper  an  eflfbrt 
will  be  made  by  one  of  us  to  show  that  the  formulae  of  all 
orthosilicates  containing  aluminum  may  be  similarly  derived, 
in  such  a  way  as  to  bring  out  most  clearly  and  unmistakably 
the  relations  of  the  mineral  species  to  each  other.  The  system 
is  particularly  applicable,  with  great  definiteness,  to  the  ortho- 
silicate micas,  and  even  shows  the  derivation  of  metasilicates 
from  them ;  as  in  one  case  which  may  be  fairly  presented  here. 
If  we  simply  withdraw  from  damourite  the  elements  of  water, 
a  mixed  ortho-  and  metasilicate  will  be  formed, — thus : 
/SiO=KH,  ^SiO.— K 

Al— SiO,=Al    -H,0     =r     Al— SiO,=Al 
"^SiO^Al  "^SiO^rtAl 
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Two  other  derivatives  of  this  group  of  compounds  may  be 
cited  for  example  of  an  extension  of  this  process,  namely, 
westanite  (or  woerthite,  a  hydrous  fibrolite)  and  kaolin.  If 
half  of  the  water  in  the  latter  mineral  be  regarded  as  water  of 
crystallization,  the.  formula  of  kaolin  will  become  that  of 
xenolite  with  an  aluminum  atom  replaced  by  three  atoms  of 
hydrogen  ;  but  if  all  the  water  be  regarded  as  combined,  the 
statement  takes  the  following  graphic  form : 

^SiO,=Al  ^OH  ^OH 

Al— SiO=Al  Al— SiO  =A1  Al— SiO=H. 
v^SiO  =A1               "^SiO  =Al  ^-^iO^AI 

Xenolite.  Westanite.  Kaolin. 

The  suggestiveness  of  such  formulae  can  hardly  be  questioned, 
and  a  close  examination  of  them  will  show  that  they  also  fulfill 
the  main  purpose  of  structural  formulae;  namely,  that  they 
indicate  probaole  lines  for  fruitful  synthetic  research. 

One  more  question  may  be  included  within  the  scope  of  the 

f)re8ent  paper.  What  has  become  of  the  fluorine  withdrawn 
rom  the  topaz  during  the  process  of  alteration  ?  The  answer 
is  probably  not  far  to  seek.  Leached  out  from  the  topaz  in  the 
form  of  alkaline  fluorides,  it  entered  into  new  modes  of  union, 
and  these  are  represented  at  the  locality  by  the  species  fluorite, 
herderite,  triplite  and  apatite.  The  last-named  mineral  occurs 
in  small  crystals,  and  also  in  large,  dark-green  masses.  As  an 
analysis  of  the  massive  apatite  was  made  by  Mr.  Whitfield,  we 
subjoin  it,  as  a  further  contribution  to  our  knowledge  of  the 
locality.  The  specific  gravity  was  3*27,  and  the  mineral  became 
colorless  on  heating. 

CaO 47-60 

MgO 608 

FeO 1-44 

PO, 40-36 

CI : 0-29 

F 6-84 

H,0 0-11 

102-72 
Deduct  oxygen 2*94 

99-78 
The  high   proportion  of  fluorine  found  in  this  analysis  was 

undoubtedly  due  to  intermixed  fluorite.     The  large  amount  of 

magnesia,  moreover,  suggests  the  desirability  of  a  careful  search 

at  the  locality  for  wagnerite. 

In  conclusion,    we  must   express  our  indebtedness  to  Mr. 

Whitfield  for  the  care  and  thoroughness  with  which  he  executed 

the  troublesome  analyses. 
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Art.  L.  —  A  notice  of  the  relation  observed  by  Dr.  Weber 
between  the  residual  elasticity  and  the  chemical  constitution  oj 
glass;  by  O.  T.  Shkbman. 

It  is  well  known  that  the  temperature  of  a  bath,  measured 
by  a  thermometer  which  has  been  long  unased,  is  somewhat 
greater  than  when  measured  by  the  same  thermometer  imme- 
diately after  it  has  been  heated  to  a  higher  temperature. 
With  a  bath  near  the  temperature  of  melting  ice  and  a  ther- 
mometer previously  immersed  in  the  steam  of  boiling  water 
the  depression  may  amount  to  a  degree.  The  efifect  varies 
with  the  constitution  of  the  glass  forming  the  bulb.  In  any 
glass  the  depressions  are  capable  of  being  expressed  by  an 
algebraic  formula  and  the  amount  may  be  calculated.  To 
make  the  temperature  record  independent  of  the  condition  or 
past  history  of  the  thermometer  has  proved  a  rather  complex 
problem.  The  earliest  attempts,  regarding  the  depression 
irregular,  adopted  as  the  funaamental  distance  the  interval 
between  the  freezing  and  boiling  points  obtained  aftel*  a  long 
rest,  and  for  the  false  position  of  the  zero,  applied  a  correction 
proportional  to  the  first  power  of  the  temperature.  In  1880  it 
was  shown  that  better  results  were  obtained  by  considering 
the  interval  between  the  fixed  points  obtained  directly  after 
heating  as  the  fundamental  length,  and  calculating  the  position 
of  the  zero  by  a  formula  depending  upon  the  secona  power 
of  the  temperature.  A  third  method  determines  the  errors  of 
the  instrument  directly  after  it  has  been  heated  to  the  boiling 
point,  and  for  lower  temperature  uses  the  instrument  only  when 
in  the  same  condition.  To  diminish  the  uncertainties  from 
this  cause  the  Normal-Archungs-Commission  has  for  some 
time  past  been  analytically  and  synthetically  examining  the 
constitution  of  the  glass  which  gave  the  least  depression.  In 
volume  XXX vi  of  the  "  Sitzungsberichte  der  Koniglich  Preuss- 
ischen  Academic  der  Wissenschaften  zu  Berlin,"  Dr.  Weber 
has  recently  stated  as  the  first  result  of  their  work :  that  glass 
has  the  least  depression  in  which  the  ratio  of  soda  to  potash 
or  potash  to  soda  is  the  least.  In  a  previous  number  of  the 
same  publication,  Dr.  Weber  has  given  twenty-three  analyses 
of  the  glass  together  with  the  observed  depression.  It  is  a  mat- 
ter of  interest  to  discuss  these  with  regani  to  the  same  point. 
In  the  following  curve  we  have  represented  the  records  of 
both  articles  The  ordinates  represent  depressions  in  tenths  of 
a  degree  centigrade,  the  abscissae,  the  ratio  of  potash  to  soda. 

It  will  be  seen  that  while  the  greater  portion  of  the  observa- 
tions may  be  represented  by  a  smooth  curve  yet  six  or  at  least 
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five  lay  farther  from  the  line  than  can  be  ascribed  to  error  of 
observation.  In  some  of  the  irregular  cases  the  composition 
of  the  glass  is  almost  identical  with  some  of  those  that  lie  on 
the  curve.  With  one  exception  the  departures  are  less  than 
the  maximum  diflFerences  afforded  by  the  depressions  observed 
by  Dr.  Weber  on  a  single  thermometer.     These  latter,  for  ex 
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Ratio  of  Potash  to  Soda. 

ample,  amount  to  O^l"*,  0-29°,  O'SS"*.  May  it  be  that  for  cer- 
tain proportions  of  soda  and  potash  the  depression  becomes 
less  regular?  The  single  remaining  exception,  the  only  case 
where  the  depression  is  decreased,  is  unique  in  having  the  lime, 
soda  and  potash  in  nearly  equal  amounts.  The  Commission 
still  continue  the  investigation. 


Art.  LL — On  the  Meridional  Deflection  of  Ice- Streams  ;  by 
W.  J.  MoGee. 

I. — The  Phenomena. 

Five  Quaternary  glaciers,  averaging  eight  miles  in  length, 
flowed  down  the  picturesque  easterly  front  of  the  cloud-capped 
Sierras  into  the  broad  valley  of  Mono  lake  in  Eastern  Cali- 
fornia. The  glaciers  have  melted  away  beneath  the  withering 
winds  of  the  geologic  to-day ;  but  their  magnificent  moraines 
tell  of  their  magnitude  and  of  their  movements.* 
,  The  lateral  moraines  of  four  of  the  glaciers  extend  far  upon 
the  plain  in  which  the  lake  is  embosomed ;  while  those  of  the 
fifth  terminate  on  a  narrow  plateau  bounded  lakeward  by  an 

>■  *  These  and  other  moraines  are  described  in  detail  by  Mr.  I.  0.  RusseH  (under 
whose  direction  they  were  observed  by  the  writer),  in  his  memoir  on  the  Quater- 
nary history  of  Mono  Lake,  designed  for  publication  in  the  forthcoming  Sixth 
Annual  Report  U.  S.  Geological  Survey. 
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outlying  butte.    These  five  pairs  of  moraines  possess  the  com- 
mon feature  of  distal  curvature  northward. 

()f  the  northernmost  pair,  issuing  from  Lundy  caflon,  the 
left-hand  (northern)  moraine  is  narrow  and  steep-sided — rising 
on  both  inner  and  outer  sides  at  an  an^le  of  some  30^  to  an 
altitude  of  fully  four  hundred  feet, — and  curves  northward  so 
sharply  as  to  almost  follow  the  mountain-wall  in  which  the 
caflon  is  excavated.  The  inner  side  of  the  right-hand  moraine 
is  equally  steep  and  of  concentric  curvature;  but  its  summit 
forms  an  undulating  plateau  half  a  mile  broad,  expanding,  fan- 
like, toward  its  extremity,  and  sloping  gently  outwardly  and 
distally  toward  the  lacustral  plain  of  Mono,  into  which  it 
gradually  merges.  Near  its  origin  in  the  embouchure  of  the 
caflon,  the  highest  of  the  Quaternary  lake-terraces  encircling 
the  valley  is  as  distinctly  scored  upon  the  outer  slope  of  this 
moraine  as  upon  the  contiguous  mountain-side ;  but  toward  its 
extremity  the  wave-marks  become  progressively  fainter  and 
finally  obscure.  Beyond  occur  fractured  and  contorted  lacus- 
tral strata  overlain  by  only  five  or  ten  feet  of  coarse  littoral 
deposits,  indicating  that  the  glacier  reached  its  greatest  exten- 
sion just  before  the  waters  attained  their  highest  level. 

In  its  upper  course,  Leevining  caflon  is  a  deep,  narrow 
chasm,  but  it  expands  lakeward  and  opens  on  the  plain  in  a 
broad  breach  bounded  on  the  south  by  the  isolated  butte 
behind  which  the  Gibbs  caflon  glacier  terminated;  and  its 
moraines  originate  with  the  expansion.  That  on  the  left  is 
narrow,  steep-sided,  and  sharp-crested,  and  closely  hugs  the 
northern  caflon-wall  nearly  to  the  wide  embouchure,  where  it 
attenuates  and  finally  disappears,  leaving  only  the  precipitous 
mountain-side  for  the  nortnern  confine  of  the  ancient  ice-way. 
The  right-hand  moraine  sweeps  about  in  a  concentric  curve 
interiorlv,  but  has  a  multipartite  crest,  widens  distally,  and 
exteriorly  sends  oflF  four  or  five  digitiform  radial  spurs  obvi- 
ously the  right-laterals  of  successive  stages  in  the  develop- 
ment, repeated  oscillation,  and  final  decadence  of  the  glacier; 
while,  unlike  its  constricted  northern  fellow,  it  shuns  the 
southern  caflon-wall,  leaving  a  considerable  valjey  between 
moraine  and  mountain-side. 

The  moraines  issuing  from  Gibbs  caflon  are  of  consonant 
behavior :  that  on  the  north  is  compressed,  and  finally  abruptly 
terminated  by  the  chasm  through  which  this  ice-stream,  in  its 
later  stages,  approached  and  perhaps  became  confluent  with 
the  deeper  Leevining  glacier;  while  a  broad  morainic  plain, 
diversified  by  half  a  dozen  obscure  radial  lobes,  forms  the  left 
lateral  and  occupies  the  greater  part  of  the  plateau  separating 
Leevining  and  Bloody  caflons.  These  moraines  record  the 
gradual  shifting  of  the  periodically  oscillating  ice-stream  from 
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the  southern  to  the  northern  margin  of  the  plateau,  and  its  alti- 
mate  coalescence,  just  before  the  final  recession  of  the  ice — with 
its  northern  neighbor. 

Bloody  cafion  embouches  into  a  broad  bay  forming  the 
southwestern  arm  of  Mono  valley.  Its  magnificent  moraines 
do  not  closely  approach  either  side  of  the  bay  after  leaving  the 
cafion  proper ;  but  their  northward  curvature  is  pronounced. 
That  on  the  right  is  conspicuously  the  broader  and  more  mas- 
sive, and  sends  ofi^  two  or  three  digitiform  lobes  analogous 
to  those  of  the  Leevining  and  Gibbs  moraines;  and  midway  of 
its  length  a  symmetric  pair  of  perfect  laterals  spring  from  its 
graceful  curve  like  the  tangent  from  its  chord,  and  extend 
directly  into  the  bay  nearly  as  far  as  do  their  more  recent 
homolo^ues.  Here  the  deflecting  agency  manifestly  forced  the 
fluctuating  ice-stream  to  burst  its  old  barriers  an^  build  for 
itself  a  new  pair  of  adequate  curvature. 

The  southernmost  of  the  flve  pairs  of  moraines  issues  from 
Parker  cafion  and  extends  two  or  three  miles  upon  the  long 
alluvial  slope  everywhere  forming  the  periphery  of  the  plain 
of  Mono.  They  curve  northward  more  sharply  and  approach 
the  northern  cafion-wall  more  closely  than  do  those  of  Bloody 
cafion  ;  but  the  right-hand  member  does  not  so  greatly  exceed 
its  fellow  in  magnitude. 

Let  it  be  clearly  understood  thai  in  these  several  cases  the 
curved  portion  is  well  witfiout  the  cafion  proper  and  unques- 
tionably beyond  its  influence,  and  that  the  curvature,  so  far  as 
can  be  detected  by  careful  observation,  is  independent  of  if  not 
opposed  to  topographic  configuration,  whether  ancient  or  recent. 

So  uniform  behavior  must  have  a  common  cause ;  and  this 
may  be  sought  analytically. 

IL — The  explanation  of  the  phenomena. 

Let  an  ice-stream  flowing  east  or  west  on  a  meridionally 
horizontal  plain  in  N.  lat.  45°  have  cross-section  bounded 
above  by  the  transverse  semi-circumference  of  an  ellipse  whose 
axes  are  2  and  1  respectively ;   and  let  the  sun  be  over  the 

equator.     The  proportion  of  solar 

rays  directly  reaching   the  south 

\        \  and  north  halves  respectively,  will 

Nv         N.  then  vary  as  a-6:J-c  (fig.  1);  or, 

^ — jv: — ><v  making  the  major  semi-axis  unity, 

V     j<     '  \    ^^      as  1-6000  to  0-6547  (=  sec.  SO*'  - 

> i v^^    0-5000),  since  the  secant  formed 

by  the  tangential  ray  in  such  case 
is  demonstrably  equal  to  the  like  function  determined  by  the 
tangent  to  a  circular  arc  of  value  80^  The  relations  are 
graphically  shown  in  fig.  1. 
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The  whole  of  the  solar  energy  reaching  the  ice-stream  will 
not,  however,  be  utilized  in  affecting  its  condition ; — a  consider- 
able portion  will  be  lost  by  direct  reflection;  and  of  the 
remainder  the  discordant  (and  hence  heating)  rays  will  have 
been  in  part  absorbed  by  the  vapor  of  the  superflaitant  atmos- 
phere ;  out  the  diminution  will  be  proportional. 

Again,  an  important  share  of  the  heat  absorbed  by  the 
glacier  will  be  derived  from  the  sarroanding  air,  from  the 
earth  beneath,  and,  by  reflection  and  radiation,  from  contiga- 
ous  earth,  rocks,  hills,  eta ;  and  this  share  will  be  pretty  nearly 
equally  distributed  over  the  entire  surface.  If  half  the  effec- 
tive heat  reaching  the  ice  comes  from  such  sources,  the  ratio 
of  effective  energy  received  by  its  respective  halves  will  be 
reduced  to  26773 :  17320. 

Also,  the  differential  accession  of  the  two  halves  will  be 
counteracted  to  a  considerable  but  indeterminate  extent  by 
interior  conduction.  If  the  unequal  distribution  be  thus 
diminished  by  a  half,  the  ratio  will  be  further  reduced  to 
23660:19438. 

Now,  as  empirically  shown  by  innumerable  observations,  and 
as  theoretically  indicated  by  all  plausible  hypotheses  of  ^[lacier 
motion,  the  rate  of  movement  of  ice-streams  varies  directly 
with  the  heat-accession  or  with  some  slightly  variant  function 
of  that  element  If,  then,  in  the  assumed  case,  the  accession 
be  incoippetent  to  occasion  loss  by  melting  (i.  e.,  if  on  any  sec- 
tion of  the  stream  daily  accession  equal  nightly  radiation),  all 
will  be  effective  in  producing  movement,  the  two  halves  will 
tend  to  flow  at  rates  varying  with  the  accession,  and  the  stream 
will  hence  tend  to  curve  in  the  direction  of  the  slow-moving 
side. 

Such  tendency  will  be  counteracted  in  part  by  (1)  the  mobil- 
ity of  the  ice  (which  will  permit  the  southern  half  to  the  more 
readily  spread  laterally  and  to  slip 
past  the  northern  half  to  some  ex- 
tent), and  (2)  by  the  increased  fric- 
tion encountered  with  lateral  shift- 
ing of  the  stream.  Accordingly, 
the  loci  of  flow  in  the  determined 
ratio  will  lie  somewhere  without  the 
centers  of  the  respective  halves — 
perhaps  at  the  extreme  edges  of 

the  glacier;  when  these  edges  will  curve  northward  in  con- 
centric arcs  of  23660  and  19433  respectively,  or  of  5598  feet 
and  4598  feet  radii  if  the  width  of  the  stream  be  1000  feet 
Such  curvature  is  shown  in  fig.  2. 

If  the  direction  of  flow  depart  from  the  parallel,  other  ele- 
ments are  introduced.    To  facilitate  their  comprehension,  let 
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the  ice-stream  be  assumed  to  flow  north  or  south  up>on  a  plain 
horizontal  in  the  trans-meridional  direction ;  and,  as  before, 
let  the  heat  accession  be  supposed  insufficient  to  produce  melt- 
ing. Neglecting  interception  by  clouds  (which  is  rendered 
nugatory  by  concomitant  diminution  of  diathermancy  and 
increase  of  liberation  of  latent  heat  by  condensation  of  vapor), 
insolation  on  the  two  halves  of  the  glacier  will  then  be  equal ; 
but  the  influence  of  the  thermal  energy  in  affecting  the  mobil- 
ity of  these  halves  will  become  uneqpal  by  reason  of  (1)  the 
variable  condition  of  the  atmosphere,  and  (2)  the  diverse  offices 
of  the  absorbed  energy,  at  different  hours. 

The  diurnal  inequality  in  temperature  is  notable  in  most  and 
appreciable  in  all  stations  affected  by  glaciers;  so,  in  such  sta- 
tions, the  forenoon  is  lower  than  th4  afternoon  temperature. 
In  general,  atmospheric  diathermancy  varies  inversely  with 
temperature,  and  afternoon  precipitation  predominates,  in  gla- 
ciated as  in  most  other  stations.  Accordingly,  the  solar  acces- 
sion of  the  east  half  of  the  assumed  ice-stream  will  be  freely 
dissipated  through  the  diathermous  forenoon  atmosphere,  while 
the  west  half  accession  will  be  not  only  conserved  by  the 
athermous  afternoon  atmosphere,  but  supplemented  by  the 
latent  heat  liberated  by  afternoon  precipitation. 

The  thermal  energy  derived  by  the  glacier  from  all  sources 
is  arbitrarily  divisible  into  two  shares  expended  respectively  in 
molecular  and  molar  work,  or  in  (1)  elevating  the  temperature 
of  the  ice  from  that  of  inter-stellar  space  to  that  of  mobility, 
and  (2)  mobilization.  During  the  forenoon  when  east  half 
insolation  predominates  the  share  of  energy  absorbed  in  molec- 
ular work  is  larger,  by  reason  of  the  lower  temperature  to  be 
overcome,  than  during  the  afternoon  when  the  west  half  faces 
the  sun.  It  follows  that  the  share  of  energy  available  in 
mobilization  during  each  day  will  be  the  greater  in  the  west 
half  of  the  glacier. 

Thus  the  west  half  of  the  meridionally-moving  ice-stream 
not  only  absorbs  more  heat  than  the  eastern  half,  but  utilizes  a 
larger  proportion  of  it  in  generating  movement;  whence  it 
must  tend  to  outrun  its  eastern  mate,  and  thus  to  originate 
eastward  curvature  of  the  stream.  Such  tendency  depends  for 
its  strength  upon  many  obscure  elements,  and  hence  cannot  be 
quantitively  expressed.  It  is  probably  slight  in  the  case  of  the 
meridional  ice-stream  and  of  progressively  diminishing  value 
as  the  direction  of  flow  approaches  the  parallel ;  but  it  cannot 
be  neglected. 

So  many  of  the  factors  essential  in  the  foregoing  analysis  are 
indeterminate  or  variable  that  the  numeric  ratio  deduced  above 
can  only  be  regarded  as  a  vague  approximation  even  in  the 
simplest  case;    and  it  is  accordingly  needless  to  deduce  in 
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like  manner  similar  estimates  for  different  latitudes,  for  the 
several  seasons,  and  for  diverse  directions  of  flow. 

The  relation  of  the  factors  is  such,  however,  as  to  indicate 
the  general  law  that  ice-streams  flowing  upon  plains  are  dt»fl£cted 
toward  the  sides  upon  which  effective  solar  accession  is  least 

The  law  is  modified  in  its  action  by  conditions  originating 
with  the  formation  of  moraines  by  the  ice-stream,  and  by  con- 
ditions affecting  the  origin  of  the  ice-stream  itself. 

In  nature  the  ice-stream,  after  leaving  its  parent  cafion, 
flows  not  upon  a  plain  but  in  a  trough  whose  walls  it  builds 
upon  the  plain.  Now  after  its  first  formation  the  northern 
moraine  must  ever  oppose  the  tendency  to  further  deflection ; 
and  moreover,  with  the  development  of  the  moraines  the  sur- 
face of  the  stream  will  diminish  in  convexity.  In  nature,  too, 
some  melting  of  the  ice  will  surely  occur,  and  whatever  energy 
is  expended  in  liquefaction  will  be  diverted  from  mobilization  ; 
and  since  liquefaction  will  occur  chiefly  on  the  south  side,  that 
side  will  be  attenuated  and  rendered  less  competent  to  deflect 
the  stream.  For  these  four  reasons  will  the  deflection  tend  to 
fail  of  that  computed. 

If,  however,  the  northern  moraine  be  forced  outward  by  the 
impinging  ice,  the  stream  will  follow  it  and  leave  a  gash  be- 
tween ice  and  moraine  on  the  south  to  be  filled  with  supra- 
glacial  debris ;  and  whatever  melting  and  attenuation  the  south 
side  suffers,  will  lower  that  side,  shift  the  medial  axis  north- 
ward, and  bring  more  than  its  share  of  debris  to  the  southern 
moraine;  which  thus  for  two  reasons  will  tend  to  widen. 

But  again,  in  nature  the  ice-stream  does  not  possess  constant 
volume  and  length ;  it  alternately  expands  and  contracts,  verti- 
cally, laterally,  and  longitudinally.  In  its  contraction  both 
moraines  will  be  reinforced  by  semi-terminal  deposits  greater 
on  ihe  south,  but  their  status  will  otherwise  remain  unchanged. 
In  its  expansion,  however,  it  will  press  upon  both  moraines ; 
when  if  either  yield  it  will  be  the  weaker  northern  one.  Also 
the  old  channel  will  be  plowed  out  anew ;  when,  if  the  curv- 
ing glacier  hug  its  northern  wall,  there  will  the  furrow  be 
deepest  and  the  lateral  abrasion  greatest.  Moreover,  the 
swelling  stream  will  eventually  overtop  its  ancient  banks  and 
discharge  on  and  over  their  summits  its  superficial  debris; 
when  that  on  the  north  will  fall  beyond  the  narrow  crest  and 
roll  down  without,  while  that  on  the  south  will  spread  itself 
over  the  already  broad-topped  ridge.  Thus  for  three  further 
reasons  will  the  meridional  deflection  tend  to  approach  that 
computed. 

Finally,  if  the  oscillating  glacier  break,  out  of  its  trough,  the 
trench  will  occur  in  the  feebler  and  more  strongly  constrained 
northern  barrier. 
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Within  the  cailon  proper  two  antagonistic  elements  ever 
work.  The  greater  number  and  extent  of  tributary  glaciers 
on  the  northerly  slope  will  increase  both  ice  and  debris  there, 
and  thus  tend  to  deflect  the  stream  northward  and  build  up  the 
southern  moraine;  while  on  the  southerly  slope  the  greater 
variability  of  temperature  will  augment  disintegration  and  the 
more  eflFective  reflection  and  radiation  will  accelerate  the  flow 
on  that  side,  and  thus  tend  to  deflect  the  ice-stream  southward 
and  build  up  the  northern  moraine. 

The  modifications  in  the  action  of  the  general  law  due  to 
external  conditions  are,  accordingly,  not-  such  as  to  affect  its 
validity  or  materially  reduce  its  potency. 

The  law  of  meridional  deflection  of  ice-streams  here  educed 
appears  adequate  to  explain  the  common  curvature  of  the 
moraines  of  the  Sierras. 

February  18,  1883. 


Art.  LII.  —  The  Pre-gladal  Channel  of  BagLe  Rivera  Kewee- 
naw Pointy  Lake  Superior  ;  by  Charles  Whittlesev. 

Introduotion. 

In  the  year  1854,  the  author  examined  the  scattered  and 
mutilated  maps  made  in  the  progress  of  mining  at  the  Phoenix 
location,  on  Keweenaw  Point,  Lake  Superior,  and  compiled 
from  them,  with  the  aid  of  tbe  descriptions  of  Superintendent 
Hill  and  Captain  Paul,  a  map  and  a  series  of  profile-sections 
that  illustrate  the  main  features  of  the  mining  operations  pre- 
vious to  that  date.  In  an  accompanying  letter  to  Superinten- 
dent Hill,  under  date  of  December  27,  1854,  he  communicated 
some  discoveries  relative  to  an  ancient  and  deeply-buried 
channel  of  the  Eagle  Biver.  At  that  time  such  facts  were 
regarded  more  as  curiosities  than  as  valuable  data.  Becently, 
however,  more  attention  has  been  given  to  this  class  of  phe- 
nomena, and  all  facts  relating  to  the  ancient  drainage  systems 
are  regarded  as  having  permanent  valua  So  much  of  the 
report  as  relates  to  this  subject  is,  therefore,  now  given  to  the 
scientific  public  with  some  unimportant  modifications,  made 
for  the  convenience  of  the  reader,  who  might  not  otherwise 
readily  understand  some  of  the  references.  The  maps  and 
sections  have  been  reduced  and  somewhat  simplified  oy  the 
elimination  of  matter  not  deemed  important  to  science. 
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Discoveries  in  the  proghess  of  mining  and  interpre- 
tation OP  the  results. 

The  papers  found  in  the  Phoenix  Mining  Company's  office 
relating  to  the  working  of  their  mine  in  1846  and  184Y  were 
carefully  examined.  The  plans,  surveys,  levels  and  sketches 
of  Mr.  Martin  Coryell  were  found  to  be  very  numerous,  but 
were  mutilated,  and  many  had  been  lost.  Without  the  per- 
sonal explanations  made  by  Superintendent  S.  W.  Hill,  and, 
particularly,  those  of  Captain  Paul,  of  the  North  America 
Mine,  it  would  have  been  very  difficult  to  have  made  from 
these  fragments  a  reliable  plat,  which  should  show  the  state  of 
the  old  works.  I  did  not  ascertain  how  much  of  the  material 
that  related  to  the  first  three  years  of  their  operations  under 
the  old  charter  was  preserved  by  the  Company's  agents  in 
Boston. 

The  works  were  so  singular  as  to  interest  every  one  acquaint- 
ed with  mines  or  mining  geology;  and  there  were,  in  those 
first  developments,  certain  facts  shown  that  were  of  economic 
value  as  well  as  scientific  interest.  But  my  object  in  bringing 
together  on  one  map-sheet  the  information  left  by  Superinten- 
dent Coryell  was  at  first  one  of  mere  curiosity.  The  plan  and 
sections,  which  were  thus  produced,  show,  I  think,  all  the 
material  features  of  the  old  works,  and  represent  them  in  very 
nearly  their  correct  positions  and  proportiona  They  are 
suffici'ently  full  and  well  explained  on  the  sheet  itself,  so  that 
little  remains  to  be  said  in  reference  to  the  mine-work  proper. 
I  have  connected  with  the  plans,  such  geologic  profiles  as  are 
necessary  to  illustrate  the  ancient  state  of  things;  and  have 
laid  down  the  different  beds  of  trap  rock  which  originally 
held  the  copper,  that  was  found  in  the  form  of  water-washed 
bowlders. 

After  the  shaft  marked  No.  2  on  the  map  had  been  sunk  in 
the  rock  near  the  bank  of  Eagle  River,  to  the  depth  of  62  feet, 
a  cross  cut  was  made  to  the  east  from  the  bottom  of  the  shaft. 
This  was  done  to  explore  the  ground.  To  the  great  astonish- 
ment of  every  one,  thp  miners,  at  a  distance  of  about  20  feet 
from  the  foot  of  the  shaft  broke  through  into  sand  and  gravel. 
This  was  82  feet  below  the  channel  of  the  river  (really  but  a 
creek,  at  this  point),  where  the  water  was  then  flowing.  It  hap- 
pened, also,  to  be  on  a  level  with  the  bottom  of  the  drift-filled 
forge ;  so  that  the  miners  proceeded  along  its  rocky  floor  in  the 
ope  of  further  discoveries.  A  few  feet  forward,  they  cut  ihe 
back  of  a  well  defined  vein.  A  mass  of  earth,  bowlders  and 
gravel  lay  on  either  hand  and  overhead,  and  was  so  compact 
as  to  stand  firmly  as  the  gallery  progressed.  Captain  Paul 
thinks  it  remains  so  now,  although  very  little  timber  was  put  in. 
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The  general  direction  of  the  glacial  striae  on  Point  Keweenavr 
is  from  the  northeast  towards  the  southwest,  and  therefore 
within  about  25^  of  a  perpendicular  to  the  course  of  the  ancient 
channel  of  Eagle  River,  at  the  Phoenix  Mine.  In  moving 
across  the  old  channel  the  pressure  of  the  ice  mass  was  such 
that  the  drift  materials  were  made  nearly  as  compact  as  rock. 
Glaciated  surfaces  in  the  vicinity  reach  upward  from  the  lake 
level  to  the  top  of  the  semi- mountainous  range,  an  elevation  of 
700  to  1,000  feet,  from  which  it  appears  that  the  ice  had  a  very 
considerable  thickness. 

At  the  point  where  the  miners  happened  to  strike  the  rock 
floor  of  this  old  channel,  there  was  a  steep  rise  in  the  rock 
bottom,  on  the  right  hand  side;  and  they  followed  awhile  along 
the  foot  of  this  slope.  The  boulders  that  were  found  in  the 
"  hard  pan"  were  held  firmly  in  it,  either  by  pressure  or  by 
cement,  and  were  of  various  kinds  of  rock,  as  sandstone,  trap, 
granite,  porphyry,  etc,  the  same  as  are  common  in  the  Lalce 
Superior  drift-deposits.  These  were  very  much  water-worn. 
On  the  back  of  the  vein,  and  in  its  vicinity,  there  were  rounded 
lumps,  and  grains  of  native  copper,  of  all  sizes,  some  of  them 
still  bright  and  shining. 

These  discoveries  tempted  them  on  ;  and  turning  to  the  left 
or  to  the  north,  they  followed  along  the  vein.  They  were  evi- 
dently in  the  bed  of  an  ancient  stream,  the  predecessor  of  the 
Eagle  Biver,  as  it  existed  at  some  remote  period.  Alon^  the 
lowest  part  of  this  lay  the  vein  which  perhaps  determined  the 
course  of  the  stream.  For  about  thirty  feet  the  floor  was  not 
found  to  be  very  uneven,  but,  as  it  here  sunk  below  drainage 
level,  a  branch  gallery,  D,  was  started  obliquely  to  the  right 
At  27  feet,  in  this  direction,  the  gallery  being  entirely  in  drift, 
a  rock  face  was  struck.  The  gallery,  thus  made,  proved  to  be 
the  diameter  of  a  circular  cavity,  (marked  "  Basin  No.  1,"  on 
the  map)  which  was  found  to  be  17  feet  deep. 

The  miners  then  followed  around  the  rim  of  the  basin,  and 
also  descended  nearly  to  its  bottom,  taking  out  large  quanti- 
ties of  loose  copper  and  copper-bearing  gravel.  One  mass,  from 
the  level,  near  the  basin,  weighed  1,760  pounds.  This  basin 
appears  to  be  a  gigantic  pot-hole. 

On  the  northwestern  quarter  of  the  basin,  a  narrow  fissure 
was  discovered,  which  represented  the  vein ;  and  along  this  the 
miners  worked  to  the  distance  of  174  feet  from  winze  A  (see 
map),  which  had  already  been  sunk  on  the  vein.  The  bottom 
of  the  gallery  in  this  direction  was  not  very  uneven,  and 
descended  but  slightly  to  the  north.  The  earth  of  the  gallery 
sides  remained  firm ;  but  on  the  16th  of  November,  1846,  a 
stream  of  water  was  struck  which  discouraged  the  superinten- 
dent, and  the  work  was  abandoned. 
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The  stream  copper  was  found  to  lie  always  next  to  the  rock, 
and  not  intermixed  with  the  drift  material  above.  It  was 
collected  most  abundantly  in  the  concavities  and  irregular 
depressions  of  the  floor,  but  it  was  not  suflScient  in  amount  to 
pay  the  expense  of  mining. 

When  it  was  abandoned,  the  galler}'^  had  reached  a  point 
almost  directly  underneath  the  bend  of  the  river,  as  shown  on 
the  map.     On  the  surface,  directly  beyond,  was  a  face  of  rock 


rising  from  the  water  15  or  20  feet.  The  present  channel  of 
Eagle  River  below  the  bend  has  rocky  sides  and  a  rock  bottom, 
the  lowest  part  of  which  is  at  least  20  feet  higher  than  the  end 
of  the  gallery. 

These  facts  raise  the  question :  Where  did  this  ancient  chan- 
nel discharge  itself?  The  river  between  shafts  numbered  2 
and  8  has  rock  walls  on  both  sides  rising  15  or  20  feet  high. 
Near  shaft  No.  2,  the  east  wall  disappears  beneath  sand  and 
gravel,  which  rises  from  the  water  level  on  the  east  bank  about 
90  feet.  From  shaft  No.  2,  to  the  bend,  the  rock  is  seen  in 
place  onljr  on  the  west  side.  The  branches  subsequently 
worked  did  not  disclose  a  vertical  face  on  the  east  side,  like  the 
one  on  the  west,  but  such  a  one  must  exist  somewhere  beneath 
the  gravel. 

On  the  north  side  of  the  creek,  at  the  bend  to  the  west,  an 
adit  A,  A,  was  driven  in  along  a  vertical  wall  corresponding  in 
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direction  to  that  of  the  west  bank,  in  the  expectation  constantly 
of  striking  the  vein.  It  kept  the  wall  on  the  left  hand  for  a 
distance  of  108  feet,  no  rocK  being  found  on  the  right  or  bot- 
tom. A  cross  heading  was  then  cut  12  feet  to  the  east,  but  no 
rock  found  in  placa  The  bottom  of  this  adit  is  about  50  feet 
higher  than  the  gallery  along  the  bed  of  the  ancient  channel, 
the  extremity  of  which  is  nearly  under  the  mouth  of  the  adit. 

Notwithstanding  the  want  of  success  in  this  direction,  the 
managers  continued  to  work  the  galleries  which  joined  at  winze 
A,  in  various  directions,  taking  out  a  large  amount  of  float 
copper,  and  of  gravel  bearing  sufficient  copper  to  pay  for  wash- 
ing. Among  this  were  found  frequently  pieces  of  native  cop- 
per and  silver  united  in  a  single  mass,  but  each  metal  in  its 
pure  state,  without  alloy. 

The  bed  of  the  ancient  channel  was  found  to  descend  to  the 
north  by  offsets  or  sudden  leaps  which  were  doujbtless  ancient 
falls.  Ill  its  bottom  were  also  pockets,  precisely  like  those  of 
the  present  channel,  where  the  descent  is  rapid  over  ripples 
and  ledges.  Captain  Paul,  who  worked  in  those  levels,  says: 
^*  No  one  could  mistake  the  cavities  and  pot-holes  for  anything 
else  than  the  action  of  running  water." 

Going  south  the  vein  was  well  defined,  both  walls  being 
visible  most  of  the  way,  and  well  charged  with  copper.  But 
the  loose  copper  gradually  diminished,  and  in  May,  1847,  at  a 
distance  of  260  feet  from  winze  A,  the  work  was  suspended. 

The  strata  of  trap  through  which  the  vein  passed  and  in 
which  it  bore  copper  are  as  follows:  Beginning  at  the  north,  or 
left  hand,  there  is  a  coarse  porous  bed  of  anjygdaloid,  which 
Mr.  Coryell  cut  in  his  adit  at  52  feet  from  its  mouth.  This 
dips  to  the  north  at  the  usual  angle  of  25^.  Under  it  is  a  close- 
grained,  bluish-black,  compact  bed  of  trap,  about  50  feet  thick, 
which  has  a  basaltic,  or  columnar,  structure.  Underneath 
this  is  ^^  the  slide,"  which  is  so  distinctly  shown  at  the  Copper 
Falls  Mine,  west  vein,  near  shaft  No.  5.  The  bed  beneath 
"  the  slide"  is  a  rough  mass  intermediate  in  character  between  a 
breccia  and  a  conglomerate,  embracing  nodules  of  sandstone 
and  of  scoriaceous  tufa  imbedded  in  a  dark  brown  trap.  Shaft 
No.  1,  was  sunk  in  this  bed,  which  was  found  to  carry  "shot 
copper'^  near  the  middle  of  its  mass.  Its  thickness  is  irregular, 
but,  on  an  average,  is  about  50  feet.  It  rests  on  a  bed  of 
black,  fine-grained,  compact  trap  from  80  to  100  feet  thick, 
extending  on  the  surface  from  shaft  No.  2,  to  some  100  feet 
south  of  shaft  No.  8.  This  "  black  band"  has  well-defined  faces 
and  dips  to  the  north  at  the  usual  angle.  Beneath  this  is  a  soft, 
greenish-gray  bed  of  great  thickness  in  which  the  workings  of 
the  new  company  are  principally  situated. 

The  stream  copper  lay  in  the  scoriaceous,  or  "ash-bed,"  stra- 
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turn,  and  in  the  "  black  band"  beneath  it  As  these  pitch  to 
the  north  at  an  angle  of  not  more  than  25°  with  the  horizon, 
they  pass  away  from  the  recent  works,  so  that  they  were  not 
proven  by  the  sinking  of  shaft  No.  3,  or  the  levels  connecting 
with  it  These  beds  should  carry  copper  in  the  vein  as  they 
descend  northward  toward  the  lake. 

There  can  be  no  doubt  that  the  river,  before  the  drift  period, 
held  on  its  way  to  the  lake  along  the  course  of  the  vein,  and 
did  not  then  turn  to  the  left,  as  it  does  at  present  Without 
doubt  its  bed  continued  straight  along  the  face  of  the  rock  seen 
in  the  adit  A,  A,  and  35  or  40  feet  beneath  it,  and  presented  at 
that  period  an  open  gorge  like  the  present  one,  only  deeper  and 
wider.  The  whole  was  filled  up  to  the  depth  of  100  to  120 
feet,  hj  the  agencies  that  brought  in  the  drift  material.  During 
the  period  next  preceding  the  drift  epoch,  and  while  the  stream 
of  water  ran  along  the  back  of  the  vein,  it  wore  away  the  vein 
matter  and  wall  rock  leaving  the  masses  of  copper  at  rest  in  its 
channel.  With  the  facts  shown  by  the  plans  and  sections  I  do 
not  see  how  any  other  explanation  is  applicable.  The  ancient 
channel  perhaps  had  its  discharge  at  a  lower  level  than  the 
present  one,  and  somewhere  to  the  northward,  either  again 
joining  the  present  course,  or  reaching  the  lake  by  a  separate 
mouth. 

Captain  Paul  represents  the  vein  in  the  "sand  galleries" 
[galleries  excavated  in  drift  material,  instead  of  rock]  along  its 
whole  exposure  of  more  than  400  feet,  as  well  charged  with 
copper,  and  is  confident  that  the  same  "  pitches"  of  rock  carry 
copper  in  massea  The  floor  of  the  "  sand  gallery"  is  about  175 
feet  above  the  lake.  The  dip  of  the  strata  carries  the  copper- 
bearing  beds  to  the  north,  as  they  descend,  'about  two  feet 
horizontally  for  one  vertically,  or  a  distance  of  350  feet  in  the 
depth  of  176,  i.  e.,  to  the  lake  level.  The  true  approach  to 
these  beds  is  therefore  from  the  north  and  at  the  lowest  practi- 
cable level. 


Abt.  LIII. — Note  on  the  Age  of  the  Slaty  and  Arenaceous  rocks 
in  the  vicinity  of  Schenectady^  Schenectady  County^  N.  Y.;  by 
S.  W.  Ford. 

The  slaty  and  interstratified  arenaceous  rocks  in  the  neighbor- 
hood of  Schenectady,  K  Y.,  have  usually  been  referred  to  the 
epoch  of  the  Lorraine  Shales.  They  were  considered  to  be  of 
that  age  by  Mather,  who  gives  several  sections  of  them,  in  their 
more  eastward  extension  along  the  valley  of  the  Mohawk,  on 

Am.  Jour.  Sci.— Thibd  Series,  Vol.  XXIX.  No.  173.— Mat,  1886. 
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•age  376  of  his  Eeport  on  the  Geology  of  the  First  District  of 
few  York ;  and  the  same  view  appears  to  have  been  held  by 
Emmons  (Agriculture  of  New  York,  vol.  i,  pages  134,  135, 
1846).  Later,  Mr.  R.  P.  Whitfield,  in  a  letter  addressed  to  Dr. 
C.  A.  White,  and  published  in  Part  I,  vol.  iv,  of  Lieut. 
Wheeler's  Reports  on  Geographical  and  Geological  Surveys  west 
of  the  100th  meridian,  considers  the  Schenectady  rocks  to  be  of 
Lorraine  age,  but  does  not  support  his  position  by  the  evidence  of 
fossils  obtained  at  that  locality.  He  also  refers  to  the  Lorraine 
certain  "disturbed  and  nearly  vertical  layers"  occurring  in  the 
valley  of  the  Norman's  Kill,  near  Albany,  which,  he  says,  are 
lithofogically  undistinguishable  from  the  rocks  at  Schenectady ; 
and  places  the  Norman's  Kill  Graptolitic  beds,  which  are  met 
with  onljr  a  few  hundred  yards  distant,  in  the  Utica  formation* 
Mr.  Whitfield  is  quite  possibly  correct  in  considering  the  nearly 
vertical  layers  above  spoken  of  identical  with  the  Schenectady 
beds ;  but  it  by  no  means  follows  from  this  that  the  layers  are 
Lorraine,  or  that  the  Norman's  Kill  Graptolitic  beds  are  Utica. 

The  rocks  at  Schenectady  are  nearly  horizontal,  or  with  only 
a  slight  inclination  to  the  southward,  and  continue  in  that 
position  for  three  or  four  miles  to  the  east  Not  far  from 
Ilezford  flats  a  break  occurs,  and  from  that  point  all  the  way 
to  the  Hudson  the  rocks  are  greatlv  tilted.  The  break  here 
alluded  to  Dr.  Emmons  considered  identical  with  the  fault  occur- 
ring at  Saratoga  Springs  and  Baker's  Falls ;  and  believed  it  to 
pass  somewhere  between  Albany  and  Schenectady,  and  to  be 
traceable  in  its  eflects  as  far  south  as  Kingston.  It  appears  ta 
hold  the  same  relation  to  the  Great  Appalachian  fault  that  the 
Montmorency  break  does  in  Canada.  I  have  never  examined 
with  care  the  slaty  rocks  directly  east  of  the  break  along  the 
valley  of  the  Mohawk  ;  but  from  the  nearly  horizontal  beds  to 
the  west  of  it,  in  Wandell's  auarry,  a  short  distance  back  of 
Union  College,  at  Schenectady,  I  have  obtained  good  speci- 
mens of  Oraptolithus  pristiSy  0.  mticronatiis  and  TriarOtms  Bocki ; 
and  from  another  quarry,  a  little  to  the  west  of  Rexford  flats,  I 
have  obtained  the  Q,  pristis,  Triarthrus  Bechi,  and  a  species  of 
Lingula  which  1  consider  to  be  the  Utica  species  L,  curia.  The 
slates  and  sandstones  in  the  vicinity  of  Schenectady  are,  there- 
fore, in  my  estimation,  of  Utica  age.  I  find  that  the  arena- 
ceous layers  are  different  in  their  make-up  and  aspect  from  those 
of  the  Lorraine  that  I  have  examined,  and  more  nearly  resem- 
ble those  of  the  Utica  formation  of  Northern  New  York.  The 
rocks  are  poor  in  fossils  ;  but  fossils  nevertheless  exist,  and  may 
be  found  by  diligently  searching  for  them. 

Scbodack  Landing,  N.  Y^  March  Sth,  1885. 
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SCIENTIFIC     INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  Freezing  Point  of  Saline  solutions. — Raoitlt  has  con- 
tinued his  researches  on  the  action  of  dissolved  sabstances  in 
lowering  the  freezing  point  of  solutions,  and  has  now  given  the 
results  of  his  experiments  upon  salts  dissolved  in  water,  classify- 
ing these:  1st,  according  to  the  value  of  the  metallic  constituents, 
and  2d,  according  to  that  of  the  metalloid  or  negative  substance. 
In  the  first  series,  the  salts  are  those  of  potassium,  sodium,  ammo- 
nium, silver,  lithium,  csesium,  and  trimethylethylammonium. 
The  tabulated  results  show  that  different  salts  of  the  same  group, 
i.  e.,  containing  the  same  number  of  metal  atoms  in  the  molecule, 
show  nearly  the  same  molecular  depression  of  the  freezing  point. 
The  first  group  of  this  series,  consisting  of  salts  containing  only 
one  atom  of  the  monad  metal,  gives  values  for  the  molecular 
depression  varying  from  27  to  86.*  The  second  group,  the  salts 
of  which  contain  two  atoms  of  monad  metal,  gives  the  value  40. 
The  third  group,  in  which  three  monad  metal  atoms  are  contained 
in  the  molecule,  gives  the  value  48.  The  fourth  gives  47,  and  the 
fiflh  48.  The  second  series  contains  the  salts  of  dyad  metals,  and 
the  molecular  depression  does  not  exceed  53 ;  the  values  being  41 
to  48  for  the  salts  of  monobasic  and  18  to  22  for  those  of  dibasic 
acids.  Comparing  the  two  series,  it  appears  that  whenever  in  a 
molecule  of  a  salt  dissolved  in  100  c.  c.  of  water,  one  atom  of  an 
alkali-earth  or  earth  dyad  metal  is  replaced  by  an  equivalent 
quantity  of  a  monad  metal,  the  lowering  of  the  freezing  point  in- 
creases by  a  nearly  constant  quantity,  viz:  about  21.  Keferrinff 
the  matter  to  equivalents,  the  author  states  his  results  in  this 
form :  If  in  the  solution  of  an  alkali-salt,  containing  one  equivalent 
of  the  salt  in  100  c.  c.  of  water,  the  monad  metal  be  replaced  by 
an  equivalent  quantity  of  a  dyad  or  polyad  metal,  the  depression 
of  the  freezing  point  is  diminished  by  a  quantity  sensibly  con- 
stant and  equal  to  10*5.  With  regard  to  acids,  the  law  given  is 
as  follows :  If  in  the  solution  of  a  salt  of  a  strong  monobasic  acid, 
containing  one  equivalent  of  the  acid  in  1 00  c.  c.  of  water,  the 
monobasic  acid  be  replaced  by  an  equivalent  quantity  of  a  strong 
dibasic  acid,  a  diminution  of  the  depression  of  the  freezing  point 
is  observed  which  is  nearly  constant  and  approaches  14.  From 
these  data  the  author  calculates  the  depression  due  to  the  separate 
radicals.  Thus  the  electronegative  monad  radicals,  such  as  CI, 
Br,  OH,  NO,^  produce  a  partial  depression  of  20  ;  the  dyads,  as 
SO^,  CrO^  one  of  11 ;  the  positive  monad  radicals,  as  H,  K,  Na, 
NH^,  a  depression  of  16 ;  and  the  polyads,  as  Ba,  Mg,  Al„  one  of 
8.     From  these  partial  values  the  molecular  depression  of  any  salt 

*  The  molecular  depression  produced  by  a  salt  is  obtained  by  multiplying  the 
lowering  of  the  freezing  point  of  a  solution  containing  one  gram  in  100  c.  c  of 
water,  by  the  molecular  weight. 
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can  be  calculated  from  its  molecular  weight. — Ann,  Chim,  Phys,^ 
VI,  iv,  401,  March,  1886.  g.  p.  b. 

2.  On  the  Influence  of  light  on  Chemical  Reactions,  —  Some 
time  ago  Schramm  pointed  out  that  the  action  of  bromine 
upon  crude  bromtoluene  or  upon  a  solution  of  parabrora-toluene 
in  chloroform  produced  parabrombenzyl  bromide  even  at  0°  C, 
and  hence  that  the  substitution  of  an  atom  of  hydrogen  for 
bromine  in  the  lateral  chain  did  not  require  the  aid  of  heat.  The 
change  takes  place,  however,  slowly  in  diffused  daylight,  and 
much  more  rapidly  in  sunlight.  The  author  has  studied  the 
phenomenon  more  closely  and  now  concludes  that  the  action  of 
light  is  essential  to  it.  If  the  solution  of  bromtoluene  in  chloro- 
form is  feebly  colored  with  bromine  as  by  blowing  bromine  vapor 
through  it,  and  then  placed  in  the  dark,  no  action  whatever  takes 
place.  But  light  decolorizes  it  at  once  with  evolution  of  hydrogen 
bromide.  The  action  of  light  upon  the  bromination  of  ethylben- 
zene  is  of  particular  interest  because  not  only  is  this  hydrocarbon 
under  these  conditions  highly  sensitive  to  the  action  of  light,  but 
it  yields  different  substitution  products  according  to  the  intensity 
of  the  light  acting.  If  ethylbenzene  is  slightly  colored  with 
bromine,  no  decolorization  takes  place  in  the  dark;  but  it  loses 
its  color  at  once  in  daylight  or  when  exposed  to  burning  mag- 
nesium. If  a  molecule  of  bromine  be  made  to  act  on  a  molecule 
of  ethyl-benzene  in  diffused  light,  a  colorless  liquid  product  is  ob- 
tained which  does  not  solidify  at  —20^.  On  distillation,  HBr  is 
evolved  and  a  distillate  is  obtained  between  140°  and  100°,  a  dark 
brown  residue  remaining  in  the  retort.  No  bromine  product  of 
constant  boiling  point  could  be  isolated.  The  fraction  between 
140°  and  160**  united  directly  with  bromine  and  solidified,  form- 
ing dibromstyrene.  The  fraction  boiling  at  180^-100°  did  not 
combine  with  bromine  and  was  probably  styrene-ethyl  ether. 
When  the  ethyl  benzene  is  treated  with  a  molecule  of  bromine  in 
direct  sunlight  the  reaction  is  violent  and  the  final  product  is 
a-phenyl-bromethyl  C^H^ — CHBr— CH,.  More  curious  still  is  the 
replacement  of  the  second  hydrogen  atom  by  bromine.  If  the 
operation  be  conducted  in  full  sunlight  the  product  is  phenyl- 
bromacetene  C,H^ — CBr, — CH,.  While  if  diffused  daylight  only 
be  allowed  to  act  upon  it,  the  product  is  dibromstyrene  C^H^— 
CHBr— CH,Br.— ^er.  Berl  Ghem.  Gea.^  xviii,  350,  Feb.,  1885. 

G.  F.  B. 

3.  On  the  Salts  formed  by  Tellurium  with  Adds.  —  Klbin 
and  MoBEL  have  examined  the  compounds  formed  by  tellurium 
with  acids  and  have  described  the  sulphate  and  the  nitrate.  Tel- 
lurous  nitrate  is  obtained  by  dissolving  finely  divided  tellurium 
in  an  excess  of  nitric  acid  of  sp.  gr.  about  1*15  heated  to  50°. 
By  concentration  the  salt  deposits  on  cooling  in  beautiful  needles 
probably  orthorhombic.  Analysis  shows  it  to  be  a  basic  nitrate 
of  the  formula  {Tefi)^fi^  liH,0.  It  is  very  easily  decom- 
posed by  water  and  is  very  hygroscopic.  When  in  solution  it 
decomposes  slowly  in  the  cold,  rapidly  at  the  temperature  of  ebul- 
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lition,  the  nitrio  acid  remaining  in  the  liquid  and  the  tellurous 
oxide  being  precipitated  as  a  nearljr  white  powder.  Boiling  for 
20  minutes  completely  decomposes  it,  yielding  1*416  grams  TeO, 
from  1-698  of  the  salt.  Tellurous  sulphate  was  obtained  by  dis- 
solving the  oxide  in  hot  sulphuric  acid  diluted  with  3  or  4  times 
its  weight  of  water.  On  evaporating  the  solution  on  a  sand  bath, 
the  sulphate  was  deposited  in  the  form  of  scales,  which  under  the 
magnifier  had  the  appearance  of  orthorhombic  tables.  The  ex- 
cess of  acid  was  decanted  and  the  crystals  dried  on  a  plate  of 
porous  porcelain,  the  last  trace  of  acid  being  removed  by  heating 
to  the  temperature  of  melting  lead.  Analysis  showed  this  also  to 
be  a  basic  salt  having  the  composition  (TeOJ,SO,.  It  is  decom- 
posed very  slowly  by  cold  water  rapidly  and  nearly  completely 
oy  boiling  water,  leaving  tellurous  oxide  crystallized  in  micro- 
scopic octahedrons. — BuU.  Soc.  Ch.^  II,  xliii,  198,  March,  1884. 

G.    F.    B. 

4.  .  On  the  Atomic  Weight  and  on  certain  Compounds  of 
Samarium, — CiJjve  has  published  an  abstract  of  his  recent  re- 
searches on  samarium.  He  finds  that  the  best  process  for  its 
separation  consists  in  fractionally  precipitating  the  mixed  nitrates 
in  cold  very  dilute  solution  by  a  dilute  solution  of  ammonia. 
Samaria  concentrates  in  the  first  fractions  which  are  subjected  to 
repeated  precipitations  until,  the  absorption  spectrum  of  didy- 
mium  disappears.  To  free  it  from  yttna,  etc.,  it  is  then  precipi- 
tated by  means  of  potassium  sulphate,  which  forms  with  the 
samaria  a  double  salt  only  slightly  soluble  in  the  potassium 
sulphate.  As  thus  prepared  it  has  always  a  yellow  color  from 
the  presence  of  terbia,  from  which  it  may  be  freed  by  repeated 
precipitations  with  ammonia.  The  final  fractions  are  nearly 
white.  The  atomic  weight  was  determined  from  the  weight  of 
sulphate  yielded  by  a  known  weight  of  the  oxide.  Six  determi- 
nations gave  the  values  149-975, 149-940,  160-120,  160-046,  150-046 
and  160,000,  the  mean  of  which  is  160-021.  So  that  160  may  be 
taken  as  the  atomic  weight  of  samarium.  The  spectrum  of  this 
element  has  been  examined  by  Thal^n  who  has  mapped  1 98  lines. 
Its  remarkable  absorption  spectrum  has  been  studied  by  Soret, 
by  Thaldn  and  by  Lecocq  de  Boisbaudran.  Soret  has  shown 
the  existence  of  bands  in  the  ultra  violet  and  Becquerel  in  the 
ultra  red.  The  metal  has  not  yet  been  isolated.  The  oxide 
Sm,0,  is  a  nearly  white  powder  of  density  8  347  which  dissolves 
easily  in  acids.  Its  salts-  have  a  yellow  color  like  sulphur  or  a 
brown  like  topaz.  Their  solutions  have  a  sweet  astringent  taste, 
and  are  easily  precipitated  bv  oxalic  acid,  the  oxalate  being 
almost  insoluble.  Samarium  is  determined  either  as  oxide,  by 
igniting  the  oxalate  or  hydrate,  or  as  sulphate  which  may  be 
heated  to  a  dull  red.— -BwW.  Soc,  Ch.,  II,  xliii,  162,  Feb.,  1886. 

G.  p.  R 

6.  On  the  Purification  of  Methyl  Alcohol, — ^The  question  of 
the  production  of  iodoform  by  the  action  of  iodine  on  methyl 
alcohol  in  presence  of  alkali  hydrates  has  been  an  open  one  owing 
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to  the  difficulty  of  completely  purifying  this  alcohol.  Even  when 
prepared  hy  the  decomposition  of  methyl  oxalate  there  still 
remains  in  it  some  constituent  which  yields  iodoform.  RE6^f▲lILT 
and  YiLLEJBAN  have  now  proposed  to  effect  the  final  purification 
by  the  iodoform  method  itself.  The  alcohol  prepared  from 
methyl  oxalate  has  about  one  tenth  of  its  weight  of  iodine  dis- 
solved in  it,  and  an  a<}ueous  solution  of  sodium  hydrate  is  added  to 
it  in.  quantity  sufficient  to  produce  complete  decoloration  and 
leave  an  alkaline  reaction.  Submitted  to  careful  distillation 
methyl  alcohol  is  obtained  which  when  rectified  over  caustic  lime 
has  a  specific  gravity  of  0'810  at  16®  and  which  does  not  yield 
iodoform. — Ann.  Chim,  Phys.^Yly  iv,  430,  March,  1886.    G.  p.  b. 

6.  On  Phenol  Coloring  Matters, — In  the  preparation  of  nitro- 
soresorcin  and  nitrosoorcin  by  the  action  of  amyl  nitrite  upon  the 
mono-sodium  salts  of  the  corresponding  phenols  and  precipitation 
with  dilute  sulphuric  acid,  Brunnbr  and  Robebt  ooserved  that 
after  some  time  dark  crusts  separated  from  the  wash  waters 
which  they  at  firet  took  for  azoresorcin  and  the  corresponding 
orcin  coloring  matter.  But  a  closer  examination  showed  that 
only  slight  traces  of  these  bodies  were  present,  and  that  the  mass 
consisted  essentially  of  a  new  material.  The  nitrosoi-esorcin 
crust  was  washed  with  water,  dissolved  in  ammonia,  filtered  and 
precipitated  with  hydrochloric  acid.  A  brown  substance  was 
thrown  down  which  ether  separated  into  a  soluble  and  an  insolu- 
ble portion.  The  former  remained  after  the  evaporation  of  the 
ether  as  a  cantharides-green  mass,  soluble  in  alkalies  with  a  blue 
violet  color,  with  a  brown  fluorescence,  and  soluble  in  concentra- 
ted hydrochloric  and  sulphuric  acids.  Analysis  gave  the  formula 
C„H,,NO^  The  authors  believe  this  body  to  have  been  produced 
by  the  action  of  the  nitrosoresorcin  upon  resorcin  itself  according 
to  the  equation : 

Nitrosoresorcin.       TmoL  Resorcin.  H0>^^  tj  xt  ^O— C.H^0H 

=  ^t^ +ho>^-^»^<o-c|h;oh 

New  coloring  matter       C i  sH i  sNOe. 

It  is  therefore  analogous  in  constitution  to  the  coloring  matters 
obtained   by  Kramer  from  nitrosophenol  and  nitrosoorcin,  the 

on  H 

former  being  HO-C,H,N<^^«ig»  and  the  latter 

The  residue  insoluble  in  ether  was  dissolved  in  alcohol  and  left  on 
evaporation  a  brown  mass,  soluble  in  alkalies  with  a  dirty  violet 
color.  It  appeared  to  be  impure  and  was  not  further  examined. 
—  Ber.  BerL  Chem.  Ges,,  xviii,  373,  Feb.,  1886.  q.  f.  b. 

7.  Application  of  the  Pendulum  to  the  determination  of  the 
mean  density  of  the  earth, — ^The  observations  of  Maskylenk  and 
HuTTON  on  the  deflection  of  the  plummet  line  in  the  neighborhood 
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of  Schehallien  are  affeoted  by  an  approximate  knowledge  of  the 
mass  and  density  of  the  attraotins  mountain.  This  error  also 
affects  the  results  of  Carlini  and  Airy  who  used  the  method  of 
oscillation  of  a  pendulum.  Generally  the  pendulum  has  been 
abandoned  for  the  torsion  balance.  Dr.  J.  Wilsing,  of  Potsdam, 
however,  has  revived  the  use  of  the  pendulum  for  the  purpose  of 
weighing  the  earth  and  shows  that  it  can  be  made  sufficiently 
sensitive  by  adjusting  the  center  of  gravity  close  under  the  axis 
of  oscillation.  An  experimental  apparatus  consisted  of  a  pris- 
matic rod  of  thin  sheet  iron  at  the  ends  of  which  were  fixed 
lead  balls,  each  weighing  300  grams.  The  steel  knife  edge, 
which  rested  on  agate,  was  fixed  in  the  middle  of  the  rod. 
When  the  apparatus  was  in  equilibrium  the  axis  was  nearly 
vertical  The  motion  was  read  by  reflexion.  When  the  position 
of  equilibrium  was  found  and  the  attracting  masses  were  placed 
near  the  lead  spheres,  from  the  deflection  of  the  pendulum,  the 
ratio  of  their  attraction  to  the  constant  of  gravitation  can  be 
determined.  By  reversing  the  direction  of  the  deflecting  forces, 
the  action  of  the  force  can  be  doubled.  Besides  the  calculation 
of  the  gravitation  of  the  pendulum  bob  towards  the  attracting 
masses,  which  is  common  to  all  methods,  two  measurements  are 
necessary — the  distance  of  the  extra  weights,  and  of  the  center  of 
the  pendulum  bobs  from  the  knife  edge.  Dr.  Wilding  believes 
that  a  more  perfect  apparatus,  which  is  being  constructed  for  him 
by  Repsold  of  Hamburg,  will  give  excellent  results. — PkiL  Mag., 
March,  1886,  pp.  219-222.  j.  t. 

8,  Method  of  studying  the  Electrical  Potential  of  the  air, — 
M.  Pellat  has  discovered  in  common  with  all  who  have  used 
Thomson's  water  dropper,  that  this  apparatus  does  not  take  the 
potential  of  the  air  quickly.  With  a  discharge  of  8  liters  of 
water  in  twelve  hours,  six  minutes  were  necessary  in  order  to 
obtain  ^  of  the  variation  of  potential ;  and  with  a  discharge  of 
12  liters,  five  minutes  were  needed  to  reduce  the  apparatus  to^the 
potential  of  the  air.  The  slow  match  soaked  in  a  preparation  of 
lead,  sometimes  used  in  place  of  the  water  dropper,  is  less  rapid 
in  its  indications  than  the  water  dropper,  and  moreover  communi- 
cates its  own  potential  due  to  combustion.  This  fault  makes  its 
use  very  undesirable  for  observations  on  atmospheric  electricity. 
M.  Pellat  therefore  has  been  led  to  employ  as  a  substitute  for 
a  water  dropper  a  small  gas  flame  issuing  from  a  metallic  burner 
which  is  insulated  from  the  ground  and  is  connected  with  an 
electrometer.  This  burner  takes  the  potential  of  the  air  almost 
instantaneously.  In  order  to  study  the  electrometric  forces  aris- 
ing from  the  combustion  of  different  gases,  M.  Pellat  placed  the 
gas  burner  inside  a  hollow  metallic  vessel,  closed  at  the  top  and 
provided  with  holes  necessary  for  draft ;  the  metallic  burner  and 
the  outside  vessel  were  connected  with  a  wire.  This  apparatus 
serves  as  a  battery,  there  being  an  electromotive  force  developed, 
which  depends:  1.  Upon  the  nature  of  the  gas  which  is  burned; 
2.  Upon  the  nature  of  the  metal  of  the  burneri  and  3.  Upon  the 
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nature  of  the  metal  which  constitutes  the  internal  surface  of  the 
BuiToun ding  vessel. —  Comptes  JRenduSy  No.  10,  March  9,  1885,  pp. 
736-737.  J.  T. 

9.  Measurement  of  Magnetic  Force  by  hydrostatic  pressure. — 
Magnetic  fluids  under  the  influence  of  magnetic  force  show  a  pres- 
sure perpendicular  to  the  magnetic  lines  of  force,  which  is  ex- 

pressed  by  the  equation  />=-— -EL*,  in   which  H  is  the  strength 

of  the  magnetic  fleld,  and  K  is  a  diamagnetic  constant.  The  dia- 
magnetic  constant  for  atmospheric  air  is  1.  When  a  magnetic 
fluid  is  surrounded  by  air,  the  difference  of  the  magnetic  pressure 
in  the  fluid  and  the  air  can  be  balanced  by  a  hydrostatic  pi-essnre 
and  can  be  measured  by  K— 1.  G.  Quincke  contributes  a  volumi- 
nous aiticle  on  measurements  of  this  character  to  the  Annalen  der 
Physik.  The  paper  contains  many  tables  of  the  results  of  meas- 
urement. The  paper  also  contains  tables  of  the  quantity  whtch 
6.  Wiedemann  has  termed  Atom  Magnetism. — Ann,  der  Physik 
und  Chemie.  No.  3,  1886,  pp.  347-416.  j.  t. 

10.-4  Selenium  Actinometer. — For  the  purpose  of  measuring 
the  relative  intensities  of  sunlight  at  different  heights  above  the 
horizon,  M.  H.  Mokige  has  employed  a  selenium  cell  similar  to 
that  invented  by  Mr.  Graham  Bell.  Thirty-eight  discs  of  copper 
are  insulated  from  each  other  by  discs  of  mica  of  smaller  radius; 
the  groove  thus  formed  is  filled  with  selenium  by  being  rubbed 
with  a  rod  of  this  substance.  The  cylinder  being  suitably  heated, 
this  selenium  is  ready  for  use.  The  even  numbers  of  copper  are 
connected  by  one  conductor  and  the  odd  numbers  by  another. 
The  selenium  cylinder  is  insulated  by  glass  supports  in  the  in- 
terior of  a  glass  cylinder  which  is  exhausted.  The  apparatus  is 
placed  high  enough  to  avoid  the  light  reflected  from  neighboring 
objects  and  the  axis  of  the  cylinder  is  placed  parallel  to  the 
earth's  axis.  A  constant  current  is  passed  through  the  selenium 
cells,  and  the  instrument  is  calibrated  by  making  measurements 
at  first  in  a  perfectly  dark  room. —  Comptes  JRendus,  Feb.  2,  1885, 
pp.  271-272.  J.  T. 

11.  Measurement  of  the  Force  of  Gravity  at  Naha  and 
Kagoshima^  Japan. — Messrs.  S.  Sakai  and  E.  Yakaguchi 
have  conducted  a  series  of  pendulum  observations  with  the  object 
of  obtaining  the  data  for  a  comparison  of  the  acceleration  due  to 
the  force  of  ^avity  at  Naha  (Okinawa)  in  the  Loo  Choo  Islands 
with  that  at  Tokio.  The  methods  followed  were  essentially  those 
followed  by  Mendenhall  in  his  observations  on  Fujinoyama  (see 
this  Journal,  xx,  124 ;  xxi,  99).  Experiments  were  also  made  by 
the  party  at  Kagoshima  on  their  way  to  Naha.  The  results  ob- 
tained in  cg.s.  units,  as  the  mean  of  independent  series  with  two 
pendulums  were : 

For  Naha,  (7= 919-1 66  ±0  0055 

For  Kagoshima,  ^=  979-661  ± 00057 

Both  values  are  somewhat  greater  than  those  deduced  from  the  usual 
formula.     Mendenhall  obtained  for  Tokio  ^=979-864dtO*0044. 
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\2.  A  Method  of  Measuring  the  Absolute  Sensitiveness  of 
Photographic  Dry  Plates*  by  William  H.  Pickering. — Within 
the  last  few  years  the  subject  of  dry  plate  photography  has  in- 
creased very  rapidly,  not  only  in  general  popularity,  but  also  in 
importance  in  regard  to  its  applications  to  other  departments  of 
science.  Numerous  plate  manufacturers  have  sprung  up  in  this 
country  as  well  as  abroad,  and  each  naturally  claims  all  the  good 
qualities  for  his  own  plates.  It  therefore  seemed  desirable  that 
some  tests  should  be  made  which  would  determine  definitely  the 
validity  of  these  claims,  and  that  they  should  be  made  in  such  a 
manner  that  other  persons  using  instruments  similarly  constructed 
would  be  able  to  obtain  the  same  results. 

Perhaps  the  most  important  tests  needed  are  in  regard  to  the 
sensitiveness  of  the  plates.  Most  plate  makers  use  the  wet  plates  as 
their  standard,  giving  the  sensitiveness  of  the  dry  plates  at  from 
two  to  sixty  times  greater;  but  as  wet  plates  vary  quite  as  much 
as  dry  ones,  depending  on  the  collodion,  condition  of  the  bath, 
etc.,  this  system  is  veiy  unsatisfactory.  Another  method  era- 
ployed  largely  in  England,  depends  on  the  use  of  the  Wamerke 
sensitometer.  In  this  instrument  the  light  from  a  tablet  coated 
with  luminous  paint  just  after  being  exposed  to  a  magnesium 
light,  is  permitted  to  shine  through  a  colored  transparent  film  of 
graduated  density  upon  the  plate  to  be  tested.  Each  degree  on 
the  film  has  a  number,  and,  after  a  given  exposure,  the  last  num- 
ber photographed  on  the  plate  represents  the  sensitiveness  on  an 
empirical  scale.  There  are  two  or  three  objections  to  this  instru- 
ment. In  the  first  place,  the  light-giving  power  of  the  luminous 
tablet  is  liable  to  variations,  and,  if  left  in  a  warm,  moist  place,  it 
rapidly  deteriorates.  Again,  it  has  been  shown  by  Ca[>tain 
Abney  that  plates  sensitized  by  iodides,  bromides  and  chlorides, 
which  may  be  equally  sensitive  to  white  light,  are  not  equally 
affected  by  the  light  emitted  by  the  paint ;  the  bromides  being 
the  most  rapidly  darkened,  the  chlorides  next,  and  the  iodides 
least  of  all.  The  instrument  is  therefore  applicable  only  to  test- 
ing plates  sensitized  with  the  same  salts. 

In  this  investigation  it  was  first  shown  that  the  plates  most 
sensitive  for  one  colored  light  were  not  necessarily  the  most  so 
for  light  of  another  color.  Therefore  it  was  evident  that  the  sun 
must  be  used  as  the  ultimate  source  of  light,  and  it  was  concluded 
to  employ  the  light  reflected  from  the  sky  near  the  zenith  as  the 
direct  source.  But  as  this  would  vary  in  brilliancy  from  day  to 
day,  it  was  necessary  to  use  some  method  which  would  avqid  the 
employment  of  an  absolute  standard  of  light.  It  is  evident  that  we 
may  escape  the  use  of  this  troublesome  standard,  if  we  can  obtain 
some  material  which  has  a  perfectly  uniform  sensitiveness.  For  we 
may  then  state  the  sensitiveness  of  our  plates  in  terms  of  this 
substance  regardless  of  the  brilliancy  of  our  source.  The  first 
material  tried  was  white  filter  paper,  salted  and  sensitized  in  a 
standard  solution  of  silver  nitrate.     This  was  afterward  replaced 

*  From  the  Proceedings  of  the  Academy  of  Arts  and  Sciences. 


Digitized  by 


Google 


406  Scientific  Inidligence. 

by  powdered  silver  chloride,  chemically  pure, — which  was  found 
to  be  much  more  sensitive  than  that  made  from  the  commercial 
chemicals.  This  powder  is  spread  out  in  a  thin  layer,  in  a  long 
paper  cell,  on  a  strip  of  glass.  The  cell  measures  one  centimeter 
broad  by  ten  in  length.  Over  this  is  laid  a  sheet  of  tissue  paper 
and  above  that  a  narrow  strip  of  black  paper,  so  arranged  as  to 
cover  the  chloride  for  its  full  length  and  half  its  breadth.  These 
two  pieces  of  paper  are  pasted  on  to  the  under  side  of  a  narrow 
sti-ip  of  glass  which  is  placed  on  top  of  the  paper  cell.  The 
apparatus  in  which  the  exposures  are  made  consists  of  a  box  a 
little  over  a  meter  in  length,  closed  at  the  top  by  a  board,  in 
which  is  a  circular  aperture  16 '8  cm.  in  diameter.  Over  this 
board  may  be  placed  a  cover,  in  the  center  of  which  is  a  hole  *05 
cm.  in  diameter,  which  therefore  lets  through  '00001  as  much 
light  as  the  full  aperture.  The  silver  chloride  is  placed  at  a  dis- 
tance of  just  one  meter  from  the  larger  aperture,  and  over  it  is 
placed  the  photographic  scale,  which  might  be  made  of  tinted 
gelatines,  or,  as  in  the  present  case,  constructed  of  long  strips  of 
tissue  paper,  of  varying  widths,  and  arranged  like  a  flight  of 
steps;  so  that  the  light  passing  through  one  side  of  the  scale 
traverses  nine  strips  of  paper,  while  that  through  the  other  side 
traverses  only  one  strip.  Each  strip  cuts  off  about  one  sixth  of 
the  light  passing  through  it,  so  that,  taking  the  middle  strip  as 
unity,  the  strips  on  either  side  taken  in  order  will  transmit 
approximately, — 
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The  instrument  is  now  pointed  toward  the  zenith  for  about 
eight  minutes,  on  a  day  when  there  is  a  bright  blue  sky.  On  tak- 
ing the  apparatus  into  the  dark  room,  and  viewing  the  impression 
by  gas-light,  it  will  be  found  that  the  markings,  which  are  quite 
clear  at  one  end,  have  entirely  faded  out  by  the  time  the  middle 
division  is  reached.  The  last  division  clearly  marked  is  noted. 
Five  strips  cut  from  sensitized  glass  plates,  ten  centimeters  long 
and  two  and  a  half  in  width,  are  now  placed  side  by  side  under 
the  scale,  in  the  place  of  the  chloride.  By  this  means  we  can  test, 
if  we  wish,  five  different  kinds  of  plates  at  once.  The  cover  of 
the  sensitometer  containing  the  *05  cm.  hole  is  put  on,  and  the 
plates  exposed  to  sky  light  for  a  time  varying  anywhere  between 
twenty  se(;onds  and  three  minutes,  depenaing  on  the  sensitiveness 
of  the  plates.  The  instrument  is  then  removed  to  the  dark  room, 
and  the  plates  developed  by  immersing  them  all  at  once  in  a  solu- 
tion consisting  of  four  parts  potassium  oxalate,  and  one  part 
ferrous  sulphate.  After  ten  minutes  they  are  removed,  fixed  and 
dried.  Their  readings  are  then  noted,  and  compared  with 
those  obtained  with  the  silver  chloride.  The  chloride  experiment 
s  again  performed  as  soon  as  the  plates  have  been  removed,  and 
the  first  result  confirmed.  With  some  plates  it  is  necessary  to 
make  two  or  three  trials  before  the  right  exposure  can  be  found. 
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bat  if  the  image  disappears  anywhere  between  the  second  and 
eighth  divisions,  a  satisiactory  result  nia^  be  obtained. 

The  plates  were  also  tested  using  gas-light  instead  of  daylight. 
In  this  case  an  argand  burner  was  employed  burning  5  cubic  ft.  of 
gas  per  hour.  A  diaphragm  1  cm.  in  diameter  was  placed  close 
to  the  glass  chimney,  and  the  chloride  was  placed  at  10  cm.  dis- 
tance, and  exposed  to  the  light  coming  from  the  brightest  part  of 
the  flame,  for  ten  hours.  This  produced  an  impression  as  far  as 
the  third  division  of  the  scale.  The  plates  were  exposed  in  the 
sensitometer  as  usual,  except  that  it  was  found  convenient  in  sev- 
eral cases  to  use  a  larger  stop,  measm-ing  '316  cm.  in  diameter. 

The  following  table  gives  the  absolute  sensitiveness  of  several 
of  the  best-known  kinds  of  American  and  foreign  plates,  when 
developed  with  oxalate,  in  terms  of  pure  silver  chloride  taken  as 
a  stanaard.  As  the  numbers  would  be  very  large,  however,  if 
the  chloride  were  taken  as  a  unit,  it  was  thought  better  to  give 
them  in  even  hundred  thousands. 

Sensithteness  op  Plates. 

Plates.  Dayllgbt.    Gas-lUrht. 

Garbutt  Transparency '*l 

Allen  and  Rowel! 1-3  160 

Richardson  standard.. 1*3  10 

Marshall  and  Blair 2*1  140 

Blair  Instantaneous 3'0  140 

Garbutt  Special 40  20 

Monroe 4*0  25 

Wratten  and  Wain wright 40  10 

Eastman  Special 6*3  30 

Richardson   Instantaneous 6*3  20 

Walker  Reid  and  Inglis \V  600 

Edwards 11"  20 

Monckhoven 16'  120 

Beebe 16-  20 

Gramer 16'  120 

It  will  be  noted  that  the  plates  most  sensitive  to  gas-light  are 
by  no  means  necessarily  the  most  sensitive  to  daylight ;  in  sev- 
eral instances,  in  fact,  the  reverse  seems  to  be  true. 

It  should  be  said  that  the  above  figures  cannot  be  considered 
final  until  each  plate  has  been  tested  separately  with  its  own 
developer,  as  this  would  undoubtedly  have  some  influence  on  the 
final  result. 

Meanwhile  two  or  three  interesting  investigations  naturally 
suggest  themselves:  to  determine,  for  instance,  the  relative 
actinism  of  blue  sky,  haze  and  clouds;  also,  the  relative  ex- 
posures proper  to  give  at  different  hours  of  the  day,  at  different 
seasons  of  the  year,  and  in  different  countries.  A  somewhat  pro- 
longed research  would  indicate  what  effect  the  presence  of  sun- 
r»  had  on  solar  radiation, — whether  it  was  increased  or 
inisbed. 
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IL  Geology  and  Mineralogy. 

1.  (jUacial  deposits  of  Central  North  America  in  the  Vicinity 
of  the  Bow  and  BeUy  Rivers^  Canada;  by  George  M.  Dawson, 

iGeol.  Rep.  Canada,  1882-84). — The  facts  here  presented  by  Mr. 
)awson  are  of  great  interest  in  their  bearing  on  the  glacial  his- 
tory of  the  continent.  The  region  especially  described  is  just 
north  of  the  United  States  boundary,  between  the  meridians  of 
110°  W.  and  116*  W.,  and  about  15°  of  longitude  west  of  Winni- 
peg. The  surface  rocks  are  of  the  Cretaceous  and  Laramie  series ; 
and  on  its  western  border,  in  longitude  116°,  the  Rocky  Moun- 
tain country  commences  and  the  rocks  change  to  Paleozoic — 
the  Carboniferous  and  Devonian  formations  overlying  the 
Cambrian — without  any  crystalline  rocks.  Drift  covers  the 
whole  region,  and  averages  at  least  100  feet  in  thickness.  It  con- 
sists of  (1)  a  lower  bowlder  clay  resting  on  quartzyte  shingle ;  (2) 
an  interglacial  deposit  with  peat ;  (3)  upper  bowlder  clay,  above 
which  are  stratified  sands,  gravels  and  silts.  The  lower  bowlder 
clay  in  the  section  given,  80  feet  thick,  contains  a  ^*  variable  and 
often  very  considerable  proportion  of  Laurentian  and  Huronian 
erratics,"  or  material  from  the  eastern  water-shed,  along  with 
quartzyte  fragments  from  the  Rocky  Mountains  on  the  west,  and 
sandstone  from  the  Cretaceous  and  Laramie.  The  interglacial 
beds  in  the  same  section  (at  Wolf  Island),  are  18  feet  thick,  and 
the  upper  bowlder  clay,  having  traces  of  stratification,  40  feet. 
Morames  are  also  described  as  occurring  along  the  base  of  the 
Rocky  Mountains,  and  the  Bow  River  valley  as  holding  a  glacier 
of  larger  size  than  any  elsewhere  originating  in  the  mountains  of 
the  district. 

Mr.  Dawson  observes  also  that  south  of  the  49th  parallel  the 
country  from  Fort  Benton,  on  the  Missouri  along  the  MacLeod 
trail,  is  all  more  or  less  thickly  strewn  with  Laurentian  erratics. 
Quartzyte  material  from  the  Kocky  Mountains  is  most  abundant 
south  of  the  Morris  River,  but  with  it  are  granites,  gneisses  and 
other  Laurentian  and  Huronian  rocks  from  the  eastward ;  some 
at  a  height  of  4,390  feet;  20  miles  north  of  49°,  at  6,280  feet; 
near  the  intersection  of  the  113th  meridian  and  the  49th  parallel 
at  4,200 ;  one  Huronian  bowlder  near  the  lower  part  of  Water- 
town  River,  3,200  to  3,300  feet  in  elevation  above  the  sea,  meas- 
uring 42X40X20  feet,  and  another  42X30X22,  and  consequently 
exceeding  a  thousand  tons  in  weight. 

Mr.  Dawson  presents  the  following  views  with  regard  to  the 
mode  of  glaciation  of  the  region. 

"Apart  from  the  local  glaciers  of  the  Rocky  Mountains,  it  is 
evident  that  the  glaciation  has  been  accomplished  by  some  agent 
moving  westward  or  southwestward  from  the  Laurentian  axis 
which  bounds  the  region  of  the  Great  Plains  to  the  east.  This 
agent  has  carried  with  it  great  quantities  of  Laurentian  and 
Huronian  material,  which  in  the  vicinity  of  the  49th  parallel 
reaches  at  its  extreme  limit  a  point  over  700  miles  distant  from 
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the  Bearest  exposures  of  the  parent  rock,  and  to  an  elevation 
more  than  twice  as  great  as  that  attained  by  any  part  of  the 
Laarentian  area.  To  explain  this  latter  fact  it  seems  now  almost 
certain  that  we  must  assume  that  the  western  region  was,  in 
glacial  times,  relatively  to  the  Laurentian  area  more  depressed 
than  at  present.  As  I  have  elsewhere,  in  the  publications  before 
referred  to,  discussed  at  some  length  the  question  whether  a 
glacier  or  floating  ice  best  accounts  for  the  facts,  it  is  not  here 
proposed  to  recapitulate  the  arguments.  Two  theories  only, 
however,  seem  tenable.  Either  a  great  confluent  glacier,  occupy- 
ing the  Laurentian  highlands  or  passing  over  them  from  the 
Hudson^s  Bay  region,  stretched  continuously  to  the  slopes  of  the 
Rocky  Mountains,  or  such  a  glacier,  extending  but  a  limited  dis- 
tance from  these  highlands,  supplied  numerous  and  massive  ice- 
bergs which  floated  in  a  great  mland  sea  occupying  the  present 
position  of  the  plains. 

"  I  still  believe  that  the  latter  supposition  best  accounts  for  the 
facts  of  the  ^laciation  and  glacial  deposits  of  the  plains.  I  would, 
however,  pomt  out  one  circumstance  which  seems  to  give  some 
color  to  the  former  hypothesis.  This  is  the  existence  of  a  number 
of  tjoide^  old,  abandoned  water-channels,  which  may  be  supposed 
by  this  theory  to  have  carried  the  drainage  of  the  country,  and 
water  produced  by  the  melting  of  a  great  glacier  of  the  kind  im- 
plied, round  its  front  at  diflerent  periods  in  its  retreat.  The 
existence  of  these  I  am  unable  otherwise  satisfactorily  to  explain, 
except  on  the  supposition  of  considerable  relative  changes  of  level 
of  diflerent  parts  of  the  district  in  post-glacial  times.  Mr. 
Warren  Upham  has  lately  traced  a  number  of  such  channels  in 
Dakota  (hypothetically  extending  his  reasoning  also  to  western 
Manitoba),  for  which  he  accounts  by  the  first-mentioned  or  great- 
glacier  theory. 

**  In  the  southern  part  of  the  district  of  the  present  report,  and 
particularly  in  the  country  south  of  the  Belly  River,  great  old 
channels  of  the  kind  above  referred  to  are  displayed  in  a  very 
striking  manner  in  Verdigris,  Etzi-kom,  Pa-kow-ki  and  Chin 
Coulees  and  their  tributaries.  These  resemble  old  river  valleys 
long  disused  and  now  carrying  little  or  no  water.  I  am  inclined 
to  regard  them  as  a  portion  of  the  earliest  drainage  system  of  the 
plains,  outlined  at  the  time  at  which  the  waters  which  distributed 
the  stratified  materials  overlying  the  bowlder-clays  first  subsided, 
and  when  the  rainfall  of  the  region  was  considerably  greater  than 
at  present.  That  these  first  channels  have  not,  in  the  particular 
part  of  the  region  now  referred  to,  continued  to  be  the  drainage- 
channels  of  the  country  is  perhaps  in  pai-t  due  to  the  much 
greater  depth  and  importance  rapidly  attained  by  the  valleys 
carrying  copious  and  perennial  streams  derived  from  the  moun- 
tains. 

^'  In  the  entire  obliteration  of  the  original  southeastward  slope 
of  the  valleys  of  Verdigris  and  Pa-kow-ki  Coul6es,  and  other 
peculiar  circumstances  referred  to  in  a  previous   part  of  this 
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report  (p.  14  c),  in  connection  with  their  present  aspect  of  Milk 
River,  as  well  as  in  several  local  details  respecting  the  relations 
of  the  present  drainage  and  the  old  channels,  we  appear  to  find 
evidence  of  a  greater  amount  of  elevation  o/the  southern  as  com- 
pared with  the  northern  part  of  the  district*  So  far  as  it  has 
affected  these  old  drainage-channels  this  must  have  occurred  in 
immediately  post-glacial  times,  and  may  have  heen  a  continuation 
of  the  same  process  which  has  resulted  in  the  present  much 
greater  elevation  of  erratics  in  the  southern  as  compared  with  the 
northern  part  of  this  region. 

"  Unless  explained  by  relative  differences  in  level  during  the 
Glacial  perioa,  such  as  those  above  suggested,  between  the  Bow 
River  country  and  that  near  the  49th  parallel,  the  absence  of 
Laurqntian  erratics  over  the  region  west  of  Calgarj^  can  be  ac- 
counted for  only  by  the  existence  of  Rocky  Mountam  glaciers  of 
sufiicient  size  in  this  region  to  fend  off  the  eastern  glaciating 
agent.  It  is  not  improbable  that  such  glaciers  obtained,  and  if 
they  can  be  proved  to  have  existed,  it  would  also  prove,  in  the 
most  convincing  way,  the  approximate  contemporaneity  of  action 
of  the  glaciating  agents  of  the  Rocky  Mountains  and  Laurentian 
region.  It  is  certain,  however,  that  the  glaciers  of  the  mountains 
had  somewhat  decreased  before  at  least  tne  final  period  of  disper- 
sion of  Laurentian  erratics,  for  these  have  been  found  overlying 
distinct  morainio  material  of  Rocky  Mountain  origin. 

"  That  the  elevation  of  the  western  as  compared  with  the  eastern 
part  of  the  plains^  was  relatively  much  less  in  Oladal  times  than 
at  present,  seems  a  reasonable  supposition,  but  must  be  regarded 
no  longer  as  merely  an  hypothesis,  for  the  position  of  the  inter- 
glacial  materials  in  the  bowlder-clay  offers  a  strong  positive  argu- 
ment in  its  favor.  It  must  be  supposed  that  these  beds,  from 
their  finely  stratified  character  and  evidences  of  tranquil  deposit, 
were  laid  down,  not  along  the  gradually  retreating  edge  of  a  lake, 
but  in  the  bottom,  and  at  depths  not  very  considerable.  This 
being  the  case,  the  deposits  give  us  the  means  of  recognizing  a 
surface — that  of  the  lake  bottom — which  was  at  least  proximately 
horizontal  during  the  interglacial  period  at  which  they  were 
formed.  From  Wolf  Island  to  Coal  Banks,  the  two  points 
farthest  apart  at  which  the  deposits  were  observed,  is  a  distance 
of  f  ort;^-five  miles  in  a  direct  line,  on  a  bearing  of  about  S.  70®  W. 
The  height  above  the  river  of  the  deposits  at  the  former  locality 
is  seventy  feet,  at  the  latter,  one  hundred  and  five  feet,  giving  a 
slope  eastward  of  0*77  feet  per  mile  in  addition  to  that  of  the 
present  river  bed.  The  latter  may  be  assumed  as  indicating  that 
of  the  present  surface  of  the  country,  as  a  whole. 

"  The  elevation  of  the  beds  in  the  intermediate  Drift-wood  bend 
section  is  about  ninety-six  feet,  but  the  locality  is  only  about  six 
miles  westward  on  the  same  line,  and  the  resulting  slope  per  mile 
is  4*3  feet,  in  addition  to  that  of  the  river,  in  the  same  easterly 
direction,  a  rate  of  fall  locally  much  greater  than  that  above 
determined  for  the  whole  distance. 

*  See  also  Qeology  and  Resources  of  the  49th  Parallel,  p.  264. 
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"The  rate  of  fall  of  the  Belly  River,  by  its  course,  between  Coal 
Banks  and  its  mouth,  is  6*8  feet  to  the  mile,  but  on  the  line  above 
defined  (which  is  that  of  its  general  direction)  between  Wolf 
Island  and  Coal  Bank,  12  feet  to  the  mile.  Adding  the  general 
slope  previously  ascertained  for  the  intercalated  beds,  we  find 
their  eastward  mclination  to  be  12*77  feet  to  the  mile. 

"  The  general  eastward  slope  of  the  plains  from  the  base  of  the 
mountains  to  that  of  the  Laurentian  region  at  Lake  Winnipeg  is 
about  5  feet  to  the  mile,  but  the  elevation  increases  more  rapidly 
westward  and  in  the  region  now  considered ;  and  if  the  interca- 
lated beds  referred  to  were  again  brought  back  to  horizontality, 
the  plains  between  the  mouth  of  the  Belly  River,  and  Coal  Banks 
would  become  nearly  horizontal  also.* 

^  Besides  the  effect  of  the  glaciation  of  the  country  on  its  soils 
and  general  features,  a  further  result  of  economic  importance  in 
connection  with  this  period  is  the  distribution  of  gold.  Dr. 
Selwyn  in  1874f  expressed  the  belief,  based  on  an  examination  of 
tjie  country  near  Edmonton,  that  the  gold  found  in  the  rivers  of 
the  Great  Plains  has  been  derived  from  the  Laurentian  and 
Huronian  region  to  the  east,  and  not  from  the  Rocky  Mountains. 
The  facts  met  with  in  the  district  now  reported  on,  conclusively 
prove  the  correctness  of  the  above  statement.  In  favorable  spots 
on  all  the  streams  of  which  the  banks  and  beds  show  abundance 
of  Laurentian  and  Huronian  Drift,  fine  gold  may  be  obtained, 
while  beyond  the  edge  of  this  drift  in  the  immediate  vicinity  of 
the  mountains,  I  have  never  been  able  to  detect  a  *  colour.'  " 

2.  Elephant  JPipes  in  the  Museum  of  Natural  Sciences^ 
Davenporty  lowa^  by  Chables  E.  Putnam.  40  pp.  Bvo,  1885. 
Davenport. — This  address,  by  the  President  of  the  Davenport 
Academy  of  Natural  Sciences,  was  called  forth  especially  by 
expressions  of  disbelief  with  regard  to  accounts  of  tlie  discovery 
of  **  elephant  pipes  "  of  soft  sandstone  and  "  inscribed  tablets  "  in 
Indian  Mounds  of  Iowa,  published  in  the  Proceedings  of  the 
Academy.  Mr.  Putnam  makes  the  following  statements  with 
regard  to  the  finding  of  these  objects. 

The  discoveries  in  question  are  two  elephant  pipes  and  three 
inscribed  tablets.  Of  the  latter  the  first  two  were  found  in  what 
is  known  as  Mound  No.  8,  on  the  Cook  farm,  adjoining  the  city 
of  Davenport.  The  principal  discoverer  was  Rev.  Jacob  Gass,  a 
Lutheran  clergyman,  then  settled  over  a  congregation  in  Daven- 
port, In  this  exploration  Mr.  Gass  was  assisted  by  L.  H.  Will- 
rodt  and  H.  S.  Stoltzenau,  with  five  other  persons  who  were  acci- 
dentally present  during  the  opening  of  the  mound.  The  discov- 
ery was  made  on  January  10th, 1877.     An  exact  and  careful  state- 

*  In  the  region  west  of  the  Missouri,  the  present  inclined  position  of  the  Plio- 
cene heds  shows  that  since  the  time  of  their  disposition  that  part  of  the  region  in 
the  vicinity  of  the  Rocky  Mountains  has  been  greatly  elevated.  It  may  well  be 
that  the  eastward  slope  of  the  portion  of  the  plains  here  treated  of  may  have  been 
produced  as  a  result  of  the  same  great  movement,  and  if  so  the  facts  above 
recorded  would  assign  it  a  date  subsequent  to  that  of  the  glacial  period. 

t  Report  of  Progress,  1873-74,  p.  58. 
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ment  of  the  facts  connected  therewith  was  soon  after  prepared  by 
Rev.  Mr.  6ass,  and  read  at  an  early  meeting  of  the  Davenport 
Academy.  It  was  published,  and  may  be  found  in  its  "  Proceed- 
ings."* Upon  the  announcement  of  the  discovery,  the  officers 
and  many  members  of  the  Academy  were  early  on  the  ground  to 
verify  the  statements  made  by  the  discoverers.  The  gentlemen 
engaged  in  the  exploration  are  well  known,  and  held  in  high 
esteem  ;  their  testimony  as  to  all  essential  facts  is  clear  and  con- 
vincing, and  the  circumstances  narrated  seem  to  fully  establish 
the  genuineness  of  these  relics.  That  their  statement  contains 
only  facts  all  who  know  them  will  not  question,  and  that  the 
mound  from  which  the  relics  were  obtained  had  not  been  pre- 
viously disturbed  is  sufficiently  established  by  their  testimony. 
The  authenticity  of  this  discovery  must  therefore  be  conceded  by 
every  fair-minded  inquirer. 

The  third  inscribed  tablet  was  found  on  January  30th,  1878,  in 
Mound  No.  11,  in  the  group  of  mounds  on  Cook's  farm,  in  the 
suburbs  of  Davenport,  and  in  close  proximity  to  the  mound 
wherein  the  other  tablets  were  discovered.  That  indefatigabfe 
explorer,  Rev.  J.  Gass,  was  also  present  during  these  further 
researches,  and  had  for  his  assistants  John  Hume  and  Charles  E. 
Harrison,  both  members  of  the  Academy,  and  well  and  favorably 
known  in  this  community.  The  circumstances  of  this  discovery, 
as  narrated  by  Mr.  Harrison,  are  published  in  the  Proceedings  of 
the  Academy.f  No  suspicions  whatever  attach  to  this  discovery, 
and  the  well-attested  facts  connected  therewith  establish  beyond 
reasonable  doubt,  that,  whether  more  or  less  ancient,  the  tablet 
was  deposited  at  the  making  of  the  mound. 

Of  the  elephant  pipes  in  the  museum  of  the  Acadeniy,  one  was 
discovered  in  March,  1880,  in  a  mound  on  the  farm  of  Mr.  P.  Hass, 
in  Louisa  County,  Iowa,  by  Rev.  A.  Blumer,  a  Lutheran  Clergy- 
man from  a  neighboring  city,  and  was  by  him  donated  to  the 
Academy.  Rev.  J.  Gass,  Mr.  F.  Hass,  and  a  number  of  work- 
men were  present,  assisting  in  the  exploration.  A  detailed  ac- 
count of  the  finding,  prepared  by  Rev.  Mr.  Blumer,  is  published 
in  the  Proceedings  of  the  Academy.J  From  the  social  standing 
and  high  character  of  the  principal  discoverers,  no  (j^uestion  has 
been,  or  can  be,  successfully  raised  as  to  the  authenticity  of  this 
discovery.  The  other  elephant  pipe  was  not  *'  discovered  "  by 
Rev.  J.  Gass,  but  was  obtained  by  him  from  a  farmer  in 
Louisa  County,  Iowa.§  This  man  found  it  while  planting  corn 
on  his  farm  several  years  prior  to  that  siate,  and  attached  no 
particular  value  to  the  relic,  but  had  sometimes  used  it  in 
smokine.  A  brief  account  of  its  finding  is  given  in  the  Proceed- 
ings of  the  Academy.  It  will  thus  oe  perceived  that  there 
are  no  suspicious  circumstances  connected  with  either  of  these 
discoveries,   but   that  the    surrounding    and   well-authenticated 

♦  Proceedings  Davenport  Academy  of  Natural  Sciences,  voL  ii,  p.  96. 

t  Ibid,  vol.  ii,  p.  221.    Mr.  Harrison  is  now  Vice-President  of  the  Academy. 

X  Ibid,  vol.  iii,  p.  132.  §  Ibid,  vol  iii,  p.  349,  note. 
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facts  seems  to  sufficiently  establish  the  genuineness  of  these 
interesting  relics. 

Mr.  Duncan  observes  that  ^Hheir  authenticity  established, 
arcbffiologists  will  find  in  them  strong  corroborative  testimony 
that  man  and  the  mastodon  were  contemporary  on  this  continent.^' 

The  pamphlet  closes  with  an  appendix  in  which  a  figure  is 
given  of  one  of  the  elephant  pipes.  The  form  of  the  elephant  and 
the  large  ears  and  trunk  are  unmistakable,  but  the  tusks  are 
wanting. 

3.  l%e  Mersey  Tunnel;  by  T.  Mellard  Reads,  F.G.S.— All 
who  are  interested  in  the  succeBs  of  a  great  engineering  work  will 
be  pleased  to  hear  that  the  Mersey  Tunnel  is  now  completed 
under  the  river  and  arched  in.  This  is  cause  for  congratulation 
all  round,  and  especially  to  Liverpool  people,  for  it  has  been  an 
undertaking  of  great  boldness  both  in  conception  and  execution. 

Having  ventured  a  prediction  as  regards  the  strata  likely  to  be 
met  with,  in  a  paper  *'  On  the  Buried  v  alley  of  the  Mersey,"  pub- 
lished in  the  "Proceedings  of  the  Liverpool  Geological  Society," 
as  far  back  as  1872, 1  think  it  is  well,  now  the  work  is  secure 
beyond  a  doubt,  to  call  attention  to  the  actual  facts.  In  my 
paper  of  1872  1  stated  the  grounds  of  my  belief  that,  notwith- 
standing the  prevailing  opinion  that  a  shelf  of  rock  extends 
across  from  Seacombe  Point  to  Prince's  Dock,  it  would  be  found 
that  there  exists  in  the  bed  of  the  river  between  Liverpool  and 
Birkenhead  a  "  deep  rock  channel  or  gully  filled  with  drift." 

In  a  paper  on  the  "Drift  Beds  of  the  Northwest  of  England," 
Part  n  (Quarterly  Journal  of  the  Geological  Society,  May,  1883), 
I  restated  this  view ;  and  in  the  columns  of  the  Builder,  February 
4,  1882, 1  further  called  attention  to  and  insisted  upon  it.  I  may 
may  also  add  that  my  views  were  published  in  the  face  of  two 
sections  in  my  possession  at  the  time  (1872)  which  professed  to 
give  the  actual  surface  configuration  of  the  rocky  bed  of  the 
river  as  ascertained  by  borings  for  the  projected  tunnels ;  one  on 
the  site  of  that  now  carried  out,  the  other  higher  up  the  river, 
between  the  south  end  of  the  city  and  New  Ferry,  both  of  which 
showed  a  thick  covering  of  rock  ovei:  the  tunnels  the  whole  way 
across  the  river. 

The  actual  facts  are  these.  The  tunnel  works  have  shown  that 
the  rocky  bed  of  the  river  at  its  deepest  point  is,  some  300  yards 
from  the  Liverpool  side,  deeply  buried  in  drift.  About  100  yards 
of  this  golly  or  pre-glacial  bed  have  been  intersected  by  the  upper 
part  of  the  tunnel.  Before  this  part  was  finally  arched  up  I  had 
permission  from  the  engineers  to  inspect  it,  which  I  did  m  com- 
pany with  my  friend,  Mr.  Frank  Archer,  of  the  firm  of  Messrs. 
Gill  &  Archer,  solicitors  to  the  company,  who  have  done  so  much 
to  insure  the  success  of  the  undertaking.  Mr.  Archer,  having  a 
good  knowledge  of  geology,  has  always  felt  the  greatest  interest 
in  the  geological  aspects  of  the  tunnel  works.  We  found  the  upper 
part  of  the  tunnel  section  was  in  stifi",  hard,  bowlder  clay  resting, 
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excepting  in  one  place  where  there  was  a  thin  patch  of  yellow 
sand,  upon  the  hard  surface  of  the  homogeneous  Triassic  rock. 
There  was  no  doubt  of  the  nature  of  the  strata ;  the  clay  was  of 
the  true  glacial-marine  type,  and  numerous  bowlders  of  granite, 
trappean  rocks,  and  grey wacke  were  strewn  about, — specimens  of 
these  are  now  in  Mr.  Archer's  possession.  All  that  I  saw  were 
rounded,  and  not  striated,  having  the  character  usually  possessed 
by  the  lower  beds  of  the  low-level  bowlder  clay  as  described  in 
the  account  of  the  Atlantic  Dock  excavations. 
Liverpool,  Deoember  6,  1884. 

4.  Notes  respecting  Metamorphism ;  by  J.  J.  Stevbnson 
(Proc.  Amer.  Phil.  Soc,  Dec,  1884).— Professor  Stevenson  men- 
tions cases  where  upturned  and  folded  beds  have  become  meta- 
morphic  and  others  in  similar  condition  remain  unchanged.  He 
speaks  of  Lower  Silurian  shales  ^Enox  group)  in  Russell  County, 
V  a.,  very  much  twisted,  and  still  unaltered ;  of  the  red  Medina 
sandstone  thrown  into  close  folds  on  the  east  side  of  Evitt's 
Mountain,  in  Bedford  County,  Pa.,  for  a  distance  of  more  than 
1000  feet,  without  any  appearance  of  change  in  the  rock;  and  the 
Hudson  and  XJtica  shales,  a  little  way  off  to  the  east,  turned  up 
on  edge,  and  still  not  showing  slaty  cleavage.  Other  cases  are 
mentioned  where  sandstones  are  turned  to  quartzytes;  and  in 
one,  in  the  Elk  Range,  Central  Colorado,  the  extent  of  change 
increases  with  the  distance  from  the  median  line  of  the  fold. 
Cases  are  mentioned,  also,  of  great  change,  and  of  none  or  very 
little,  at  contacts  with  eruptive  rocks.  He  refers  to  the  coal 
changed  to  coke  in  the  Trinidad  coal  field  of  Colorado  and  New 
Mexico  against  intruded  sheets  of  basalt  or  dikes  of  trachyte ; 
but,  on  the  north  slope  of  the  Placer  mountains,  a  narrow  dike  of 
basalt  cuts  through  the  Laramie  beds,  and  along  an  exposure  of 
38  feet  "  no  effect  whatever  has  been  produced  on  the  coal  even 
at  the  line  of  contact." 

5.  A  Reprint  of  Geological  Reports  and  other  papers  on  the 
Geology  of  the  Virginias ;  by  the  late  William  B.  Rogbbs, 
LL.D.,  etc..  Director  of  the  Geological  Survey  of  Virginia  from 
1835  to  1841 ;  President  of  the  National  Academy  of  Sciences. 
832  pp.  8vo,  with  cuts,  plates,  and  a  large  geological  map.  New 
York,  1884:  D.  Appleton  &  Co. — Among  the  State  geological 
surveys  which  were  carried  forward  before  1842  no  one  was  of 
greater  importance  than  that  of  Virginia  under  the  direction  of 
Professor  William  B.  Rogers.  Begun  in  1836,  it  was  vigorously 
prosecuted  to  the  close  of  the  year  1841,  when,  although  the  work 
over  the  great  State  was  far  from  complete,  further  appropria- 
tions were  withheld  with  no  provision  even  for  a  final  report. 
The  results  obtained  were  of  the  highest  importance  as  regards 
the  mineral  wealth  of  Virginia  and  American  Geology,  and  of 
great  interest  to  general  geological  science  through  the  develop- 
ments made  with  respect  to  the  structure  and  oriem  of  the  Appa- 
lachians, its  coal  fields,  and  other  subjects  iuustrated;  but, 
unfortunately,  the  annual  reports  were  to  be  found  in  very  few 
libraries. 
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Mrs.  William  B.  Rogers  has  conferred  a  great  benefit  on  the 
science  of  the  country  by  generously  editing  and  issuing  a  volume 
containing  these  reports  together  with  other  later  papers  by 
their  author  on  Virginia  geology.  They  are  reprinted  just  as 
they  were  originally  published,  with  only  such  changes  as  Pro- 
fessor Rogers  had  nimself  made.  But  to  them  are  added 
numerous  colored  stratigraphical  sections — ninety  in  all— on 
seven  large  sheets  which  had  never  before  appeared.  These  sec- 
tions have  special  value  on  account  of  their  exhibitions  of  the 
flexures  of  the  Appalachian  rocks,  the  positions  of  the  coal 
strata,  and  various  other  stratigraphical  points.  To  the  report  is 
added  also  a  small  colored  geological  map  of  the  Virginias — then 
one  Virginia — made  from  a  manuscript  map  by  Professor  Rogers, 
but  with  some  changes  and  additions  to  bring  the  map  up  to 
date.  This  small  map,  as  the  preface  states,  is  to  be  followed 
before  long,  "  after  certain  topographical  surveys  are  completed," 
by  a  larger  geological  map. 

The  volume  contains  descriptions  of  fossil  plants  of  the  Meso- 
zoic  Red  Sandstone,  referred  by  Professor  Rogers  to  the  Oolite, 
with  figures  of  three  species  (Zamitea  ohtusifolvus^  Toeniopteris 
magnifolia  and  Lycopodites  uncifoliits)  and  five  plates  of  shells 
of  the  Miocene  Tertiary  of  Virginia. 

The  last  paper  of  the  volume  is  Professor  Rogers's  last  commu- 
nication to  geological  science — an  account  of  an  infusorial  de- 
posit which  was  passed  through  in  an  artesian  boring  at  Fort 
Monroe  at  a  depth  between  558  and  570  feet  below  the  surface. 
A  section  of  tne  beds  intersected  is  given;  in  its  explanations 
the  deposit  is  called  Miocene,  but  the  text  makes  it  Eocene.  The 
specimen  was  put  into  the  hands  of  Mr.  Samuel  Wells,  in  1875 
for  examination,  and  he  reported  that  out  of  the  40  species 
found  29  were  identical  with  those  of  the  Richmond  infusorial 
stratum  which  Professor  Rogers  had  described  fifty  years  before. 

The  work  is  a  large  one — 832  pages  in  small  type — and  con- 
tains thereby  a  great  amount  of  matter  important  to  geological 
science,  and  much  also  on  the  mineral  products  of  the  State. 

6.  FiUguritea  in  the  High  Alps. — M.  Bbun  describes  in  a  recent 
number  of  the  Archives  des  Sciences,  etc.,  of  Geneva,  the  discovery 
of  fulgurites  or  lightning  tubes  by  himself  and  others  upon  a 
number  of  mountain  summits  in  the  Alps,  at  elevations  varying 
from  3,348  to  above  4,000  meters.  The  observations  are  interest- 
ing in  connection  with  the  recent  description  by  Diller  of  fulgur- 
ites from  Mt.  Thielson  in  Oregon  (see  this  Journal  xxviii,  252). 

The  fulgurites  are  found  on  the  highest  point  of  the  mountain, 
or  in  one  case  on  a  ridge  a  few  meters  below  the  summit.  The 
fused  portion  presents  itself  under  various  aspects,  sometimes  as 
a  collection  of  glassy  beads  a  fifth  of  a  millimeter  in  thickness 
and  covering  several  square  centimeters  of  the  rock ;  or  again  in 
hemispherical  forms  several  millimeters  in  diameter  and  hollow 
within.  Sometimes  vitrified  sinuous  lines  10  to  12  centimeters 
in  length  and  coming   to  a  common  center  are  observed.      In 
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another  case  the  wallg  of  a  small  depression,  8°"°^  in  diameter,  in 
the  center  of  the  surface  of  a  block  of  gneiss  were  completely 
▼itrified,  in  still  another  a  pebble  which  projected  from  a  pile  of 
stones  had  been  perforated  as  if  by  a  bullet  and  the  sides  of  the 
hole  completely  fused.  The  thickness  of  the  glass  formed  is  never 
more  than  ^  to  1  millimeter,  and  the  fused  surface  has  no  great 
extent.  The  mass  of  fused  matter  consequently  does  not  exceed 
0*1  to  0*5  grams;  one  fulgurite  weighed  only  0*122  grams.  The 
glass  formed  is  that  which  would  naturally  result  from  the  fusion 
of  the  adjacent  minerals.  It  is  brilliant,  with  maromillary  sur- 
face, conchoidal  fracture,  varying  in  color  and  transparency. 
The  fulgurites  on  the  Rympiischhorn  were  black,  as  was  to  be 
expect^  since  the  rock  is  rich  in  actinolite;  others  from  the 
Ruinette  were  pale  brown,  the  rock  being  a  chloritic  gneiss  with 
feldspar  predominating.  Examined  with  the  microscope  the  ful- 
gurite shows  the  presence  of  numerous  cavities,  caused  by  the 
vapor  of  the  water  which  moistened  the  rock  surface  at  the  mo- 
ment of  fusion ;  there  are  also  numerous  inclusions  with  regular 
form  in  the  homogeneous  vitreous  mass,  which  are  fragments  of 
the  minerals  torn  off  but  not  fused.  The  glass  exerts  no  action  on 
polarized  light.  An  analysis  of  a  fulgurite  from  Mont  Blanc  de 
§eillon  on  the  gneiss  gave  the  following  results : — 

SiO,  Al,Oi  Fe,0|  OaO  MgO  Alkalies 

66-73  19-69  6-67  303  I  71  [437]  =  100 

The  analysis  proves  that  the  iron  of  the  chlorite  has  been  oxi- 
dized as  was  to  be  inferred  from  the  dark  color  of  the  glass. 
M.  Brun  states  that  thus  far  fulgurites  have  been  observed  upon 
nine  of  the  high  peaks  of  the  Alps,  and  adds  that  many  more  will 
doubtless  be  discovered  if  attention  is  directed  to  the  subject. 

7.  Paleontology  of  the  Eureka  District;  by  Charles  D. 
Walcott,  U.  SS.  Geological  Survey,  J.  W.  Powell,  Director. 
298  pp.  4to,  with  24  plates. — Some  of  the  results  of  Mr.  Wal- 
cott's  stud^  of  the  Eureka  fossils  (his  personal  collections)  are 
mentioned  m  a  notice  of  the  second  Annual  Report  of  the  Geo- 
logical Survey,  in  this  Journal  (xxvii,  65,  1884).  In  the  volume 
now  published  the  species  are  described  in  full,  with  a  statement 
of  such  paleontological  conclusions  as  the  present  state  of  the 
facts  appeared  to  warrant.  The  species  belong  to  the  Cambrian 
and  Lower  Silurian,  Devonian  and  Carboniferous.  The  Upper 
Silurian  is  not  represented,  or  only  by  two  fossils,  Halysites  eaten- 
tUatus  and  a  Zaphrentis. 

The  report  makes  out  for  the  region  over  60  Cambrian  species, 
two-thirds  of  them  Trilobites,  and  over  100  Silurian  species, 
nearly  half  of  which  are  new. 

The  number  of  species  and  genera  is  sufficient  to  enable  the 
author  to  establish  the  important  fact  that  the  transition  as 
regards  life  from  the  Cambrian  to  the  Lower  Silurian  is  gradual, 
and  to  make  out  approximate  equivalency  with  the  Wisconsin 
and  New  York  formations.  Between  the  Devonian  of  the  region 
and  that  of  eastern  localities  he  finds  parallelisms,  yet  with  some 
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cases  of  a  reversal  of  the  previoasly  known  order  of  succession, 
and  of  wider  strati  graphical  range ;  as  in  the  occurrence  of  the 
Tully  limestone  (Hamilton)  species,  Orthis  TuUiensis^  at  the  suni- 
mit  of  the  Devonian  limestone,  and  of  the  Chemung  species 
Orthis  impressa  associated  with  eastern  Upper  Helderberg  spe- 
cies. There  is  also  a  commingling  of  Upper  Devonian  species 
with  the  Lower  Carboniferous  fauna. 

An  interesting  discovery  is  that  of  Pulmoniferous  mollusks  of 
the  genera  Physa  and  Zaptychius  in  the  Suboarboniferous. 

8.  TTie  Occidental  Alps. — M.  Lory  has  ^iven  the  results  of 
his  explorations  in  this  region  in  the  Bulletin  of  the  Geological 
Society  of  France,  ix,  652  (1881).  He  states  that  no  break 
exists  between  the  crystalline  schists,  gneiss,  mica  schists,  horn- 
blende schists,  of  the  '' terrain  primitive"  and  the  Silurian  beds  to 
the  eastward,  and  at  Outer  Rndne,  in  the  Valais,  the  distinction 
between  them  is  made  out  with  difficulty.  This  author  divides 
the  Alps  into  a  sub-Alpine  and  four  Alpine  zones,  limited  by 
faults.  Of  these  four,  the  Jirety  or  that  of  Mt.  Blanc  (with  the 
Aiguilles  Rouges,  etc.),  and  the  fourth^  or  that  of  Monte  Rosa, 
contain  crystalline  rocks,  which  are  of  rare  occurrence  over  the 
intermediate  region.  The  crystalline  schists  of  the  fourth  zone 
are,  beginning  with  the  upper,  sericite  schist,  chlorite  schist  with 
alternations  of  hornblendic  schist,  mica  schists  with  alternations 
of  cipolin  and  granular  limestones,  well  stratified  granitoid  gneiss. 
In  the  first  zone  the  coal  formation  is  sometimes  conformable 
with  the  crystalline  schists  and  sometimes  not.  The  greatest 
displacements  in  the  region  occur  between  the  Carboniferous 
beaa  and  the  Trias — or  the  Lias  where  the  Trias  is  absent.  The 
protogine  of  Mont  Blanc  is  in  normal  superposition  over  the  mica 
schists,  and  its  '^  en  eventail "  structure  is  not  due  to  a  central 
anticlinal  fold,  but  simply  to  a  synclinal  fold  of  the  upper  series 
of  crystalline  schists.  The  great  faults  separating  the  four  zones 
existed  already  in  the  Carboniferous  era.  Another  fault,  that  of 
Gr^sivaudan,  separates  the  first  Alpine  chain  from  the  Subalpine, 
and  it  was  slowly  formed  between  the  Upper  Oolite  (the  Callo- 
vian)  and  the  Chalk,  and  produced  a  displacement  of  2000 
meters. — Archives  dee  Sci.  Phys.  et  Nat^  xiii,  March  16,  1886. 

9.  Communicates  da  Sec^do  dos  Trabalhoa  Geologicos  de 
Portugal  Tom.  I,  fasc.  1,  pp.  1-168,  8vo.,  Lisbon,  1886. — The 
Geological  Commission  of  Portugal  has  commenced  the  publica- 
tion of  an  octavo  series,  the  successive  numbers  of  which  are  to 
contain  the  minor  works  of  the  survey  and  which  are  to  be  pub- 
lished as  often  as  the  articles  are  sufficient  to  form  a  fascicule. 
Part  I  of  the  first  volume  now  issued  contains  ten  papers,  among 
which  may  be  noted,  one  by  A.  Ben-Saude  on  the  optical  anom- 
alies of  isometric  crystals,  a  subject  to  which  he  has  already 
made  important  contributions;  another  by  Macpherson  on  the 
ophites  and  teschenites  of  Portugal;  several  by  P.  Chofiat,  one  of 
these  is  on  the  age  of  the  granite  of  Cintra.  This  granite  occurs 
in  veins  in  the  strata  belonging  to  the  lower  parts  of  the  Malm, 
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and  is  consequently  more  recent  than  that ;  from  a  sarvey  of  all 
the  facts  the  author  concludes  that  the  granite  belongs  either  to 
the  upper  Cretaceous  or  to  the  Eocene,  but  as  it  is  impossible  to 
decide  between  these  he  regards  the  expression  post-Cenomanien 
granite,  as  more  correct  than  tertiary  granite. 

10.  Rhinoceros  and  Hippotherium  from  Florida, — Dr.  Leidy 
describes  in  the  Proceedings  of  the  Philadelphia  Academy  of 
Natural  Sciences  for  1885,  p.  32,  two  teeth,  one  belonging  to  an 
extinct  Rhinoceros,  which  he  names  R,  proterus  (whether  of  the 
subgenus  Aceratiumy  Aphdops  or  others  is  not  determinable  with- 
out other  parts  of  the  skeleton) ;  the  other,  to  the  genus  Hippothe- 
rium (which  includes  three-toed  horaes  from  the  Miocene  and 
later  Tertiary),  naming  it  H,  ingenuxim. 

The  specimens  occur,  with  fragments  of  a  crocodile,  a  carni- 
vore about  the  size  of  a  fox,  and  a  lama,  in  a  deposit  overlying  the 
Vicksburg  limestone  of  Eocene  age;  but  of  what  precise  period 
later  than  Eocene  is  doubtful. 

A  species,  named  Hippotherium  venustum  in  Holmes's  Pliocene 
fossils  (1860,  105,  pi.  xvi),  and  earlier  ^t/>/>arion  ventistum  (E^oa 
Philad.  Acad.  Nat.  Sci.,  1853,  p.  241),  was  from  the  Ashley 
River  phosphate  beds  of  South  Carolina. 

11.  jbae  Antlitz  der  JEhrde^  von  Eduard  Subss,  Zweite  Abtheil- 
ung,  pp.  311  to  778,  1885,  Prae  (F.  Tempsky),  and  Leipzig  (6. 
Freytag). — The  first  portion  of  Professor  Suess's  most  interesting 
and  suggestive  monograph  was  noticed  in  this  Journal  a  little 
more  than  a  year  ago  (vol.  xxvii,  151).  The  general  design  of 
the  whole  work  was  there  given,  and  the  relation  of  the  succes- 
sive parts  into  which  the  subject  had  been  divided.  The  present 
part  completes  the  first  volume.  It  is  devoted  to  a  discussion  of 
the  mountain  systems  of  the  earth,  the  first  three  chapters  of 
which  subject  were  contained  in  part  I.  The  Mediterranean,  the 
deserts  of  Northern  Africa,  the  mountains  of  India,  the  relation 
of  the  Alps  to  the  Asiatic  mountains,  the  mountains  of  the  Amer- 
ican Continent,  are  some  of  the  subjects  which  are  discussed. 
The  completion  of  the  work  will  be  awaited  with  interest. 

12.  Studies  of  some  Japanese  rocks. — Dr.  Bundjibo  Koto,  of 
Tsu-wa-no,  Iwami,  Japan,  has  published,  as  his  inaugural  disserta- 
tion at  Leipzig,  the  results  of  a  careful  study  of  a  series  of  Japa- 
nese rocks — pyroxene  andesite,  basalt,  diabase,  granite,  dionte, 
porphyrite.  Among  other  points  of  interest  he  describes  the 
pyroxene  of  the  andesite  as  being  in  part  pleochroic,  in  part  not, 
though  both  are  monoclinic,  and  the  author  concludes  belong  to 
the  same  species.  An  analysis  of  the  pleochroic  augite,  separated 
by  the  Thoulet  solution,  afforded 

SiO,         A1,0.         Fe,Oi  FeO  GaO  MgO        MnO 

53-26  401  3-42  1407  10'16  14-66        tr  =  99-66 

These  andesites  also  contain  sparingly  hornblende  which  is 
altered  on  the  margins  to  pyroxene. 

13.  American  Fossil  Cockroaches, — Prof.  S.  H.  Souddeb  de- 
scribes new  fossil  cockroaches  in  the  Proceedings  of  the  Philadel- 
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phia  Academy  of  Natural  Science,  1885,  p.  34 — two  from  the 
Carboniferous  deposits  of  Mazon  Creek,  Illinois,  for  which  two 
new  genera  Ftomylacrie  and  Paromylacris  are  instituted;  and 
eight  from  the  Triassic  of  Fairplay,  Colorado,  of  the  genera 
SpilohlaUina  (new),  Oryctoblattina^  PetrabkUtina  and  Poroblat- 
Una  (new). 

14.  Silurian  fossil  Cockroach  from  Jurques  in  Northwestern 
France. — M.  C.  Bbononiabt  has  announced  the  discovery  of  the 
wing  of  a  cockroach,  showing  most  of  its  nervures,  in  a  piece  of 
Middle  Silurian  Sandstone  belonging  to  De  VemeuiPs  collection. 
The  wing  is  25  mm.  long.  He  proposes  for  it  the  name  Palcso- 
hUxttina  Douvillei.  Its  geological  position  makes  it  older  than 
the  Scotch  and  Swedish  scorpions. —  (7.  i?.,  Dec.  29,  1884;  Ann. 
Mag.  Nat.  Hist.^  zv,  355,  April,  1885. 

15.  Geology  of  Southern  Kansas. — A  paper  in  the  Bulletin 
of  the  Washburn  College  Laboratory,  Topeka,  Kansas  (vol.  i. 
No.  3,  1885),  by  the  editor,  describes  the  geology  of  Southern 
Kansas.  It  is  stated  that  the  Dakota  Group  (of  the  Cretaceous) 
commences  at  Milan  and  is  the  main  country  rock  through  Har- 
per county  to  Medicine  Lodge,  but  is  partly  overlaid  by  Ter- 
tiary. Its  most  remarkable  feature  is  its  stratum  of  massive 
gypsum,  12  to  20  feet  thick,  which  is  continuous  over  an  area  of 
500  square  miles.  It  occurs  in  the  Dakota  beds,  but  to  the  west 
is  mostly  in  the  overlying  Benton  group,  and  later  Cretaceous. 
This  gypsum  bed  is  distinct  from  another  Kansas  bed  in  the 
Permo-Carbonifcrous. 

16.  Illustrations  of  the  Fauna  of  the  St.  John  Group^  contin- 
tted:  on  the  Conocoryphea,  with  further  remarks  on  Paradooddes, 
by  S.  F.  Matthews.  Trans.  Roy.  Soc.  Canada,  1884,  p.  99. — 
Mr.  Matthews  in  his  concluding  remarks  observes  that  the  St. 
John  beds  are  probably  older  than  the  other  Cambrian  areas  of 
the  Atlantic  border,  the  Newfoundland  and  the  eastern  Massa- 
chusetts, and  are  best  comparable  in  fauna  with  the  oldest  of 
the  British  Cambrian. 

17.  Mineralogical  Notes. — Professor  G.  vom  Rath  in  a  recent 
memoir  (Bonn,  1885),  describes  and  figures  a  number  of  the 
remarkable  quartz  crystals  from  Alexander  and  Burke  counties, 
North  Carolina,  which  had  been  placed  in  his  hands  for  study  by 
several  American  mineralogists.  Of  the  North  Carolina  crystals 
in  general,  he  says  that  in  crystallographic  interest  they  surpass 
the  specimens  of  all  other  known  localities  of  this  most  remarka- 
ble of  minerals.  They  seem,  he  says,  to  embrace  all  the  interest- 
ing features  which  have  been  described  in  crystals  from  other 
places.  The  general  feature  of  the  crystals  is  the  occurrence  of 
acute  rhombohedrons,  especially  the  rhombohedron  3R,  with  too 
the  upper  trapezohedral  planes,  particularly  -|-f.  The  twin 
crystals  also  offer  many  peculiarities.  Several  new  planes  are 
given  by  vom  Rath,  for  which,  and  other  points  of  detail,  how* 
ever,  reference  must  be  made  to  the  original  paper. 

The  same  pamphlet  contains  the  description  of  a  remarkable 
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crystal  of  stephanite  from  Mexico,  tridymite  in  andesite  from 
Krakatan;  colemanite  from  California.  (Compare  this  Journal, 
xxix,  p.  34.) 

18.  Boumonite;  Cuprite. — Mr.  H.  A.  Miers  of  the  British 
Museum  has  recently  published  in  the  Mineralogical  Magasine 
an  exhaustive  monograph  on  the  crystallography  of  boumonite. 
To  the  accepted  list  of  60  forms,  29  well  established  new  ones 
are  added  and  21  others  which  need  confirmation.  A  table  of 
upwards  of  1000  angles  gives  all  those  which  are  important  for 
the  species. 

The  same  author  has  observed  upon  Cornish  crystals  of  cuprite 
planes  of  the  hexoctahedron  |-|  (986)  developed  in  accordance 
with  trapezohedral  or  gyroidal  hemihedrism,  a  kind  of  hemih'e- 
drism  long  recognized  as  possible,  but  never  before  observed  on 
natural  crystals,  and  only  once  on  artificial  crystals  (sal  ammo- 
niac). 

19.  Lehrbiich  der  Mineralogie ;  von  Dr.  Gustav  Tschermak, 
Zweite  verbesserte  Auflage.  697  pp.  with  766  original  figures 
and  2  colored  plates.  Vienna,  1886  (Alfred  Holder). — ^The  first 
edition  of  Professor  Tschermak's  admirable  Text-book  of  Miner- 
alogy has  already  been  noticed  in  these  pages.  Constant  use  of 
the  book  through  the  past  year  has  served  to  confirm  the  first 
impression  as  to  its  value,  which  has  been  increased  by  the 
changes  introduced  into  this  new  edition.  It  is  remarkably  clear 
and  thorough  in  the  theoretical  portion  and  much  originality 
both  in  matter  and  in  manner  of  presentation.  The  descriptions 
of  species  are  brief,  sometimes  almost  too  much  so,  but  they  are 
given  in  a  form  that  renders  them  more  than  usually  attractive 
to  the  average  student.  The  large  numbers  of  figures  introduced 
are  all  from  original  drawings  and  in  execution  leave  nothing  to 
be  desired. 

20.  Fairfieldite  from  Bavaria. — The  rare  mineral  fairfieldite, 
hitherto  known  only  from  Branchville,  Fairfield  County,  Conn., 
(see  Brush  and  Dana,  this  Journal,  xvii,  369),  has  been  identi- 
fied by  Sandberger,  at  Rabenstein,  Bavaria.  Some  vears  ago 
(Jahrb.  Min.,  1879,  370),  he  gave  the  provisional  name  leucoman- 
ganite  to  a  supposed  new  phosphate  from  that  locality.  The  dis- 
covery of  additional  niaterial  has  enabled  him  to  prove  that  this 
mineral  is  identical  with  fairfieldite,  and  the  other  name  is 
accordingly  withdrawn. 

21.  Informe  aobra  las  Especies  Minerales  del  Bitado  de 
Jdliaeo  per  Carlos  F.  db  Landero.  41  pp.  8vo.  Guadalajara, 
1884. — This  little  pamphlet  contains  brief  statements  of  the  num- 
erous minerals  found  in  the  State  of  Jalisco,  Mexico.  Similar 
accounts  for  the  other  Mexican  States  are  to  be  desired. 

22.  Smaltite  from  Colorado, — ^In  the  analysis  of  smaltite  on 
page  380  of  volume  xxiii,  the  percentage  of  iron  should  read 
16-99  instead  of  11*99  as  there  given. 
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III.  Zoology. 

1.  Elementary  TexirBook  of  Zoology ;  hy  Dr.  C.  Claus, 
translated  and  edited  by  Adam  Sedgwick,  with  the  assistance  of 
F.  S.  Hbathcotb.  2  vols.  8vo,  with  nnmeroas  wood  cuts.  Mag- 
MiLLAN  &  Co.,  New  York,  1885, — ^This  is  an  American  edition  of 
the  English  translation  of  the  already  well-known  standard  Ger- 
man text-book  of  Professor  Claus.  The  editor  has  adhered  very 
closely  indeed  to  the  original  Oerman  text  and  has  made  very 
few  additions,  which  are  enclosed  in  brackets.  In  some  respects 
a  mere  translation  has  its  advantages,  but  as  a  current  text-oook 
of  a  science  so  eminently  progressive,  it  is  to  be  regretted  that  the 
able  translator  has  not  thought  it  best  to  make  more  numerous 
additions,  in  the  form  of  foot-notes  or  otherwise,  so  as  to  bring  the 
statements  more  nearly  down  to  the  actual  state  of  the  science  in 
the  year  1884,  the  date  of  the  preface  to  the  English  edition.  As 
a  general  thing  most  of  the  important  discoveries  made  within  the 
past  five  or  six  years  are  not  referred  to,  and  in  other  respects  the 
book  is  not  brought  down  to  date.  Even  many  of  the  important 
recent  discoveries  and  investigations  made  in  England  are  not  in 
any  way  mentioned,  and  far  less  seldom  is  anything  of  American 
origin  alluded  to.  In  fact,  the  book,  though  in  good  English,  is 
practically  a  Oerman  book  still,  and  the  books  and  authors  quoted, 
or  referred  to  as  authorities  in  the  lists  of  books  to  be  consulted, 
are  nearly  all  German,  even  when  of  less  importance  and  value 
than  other  works  in  English  and  French,  which  are  not  mentioned. 
This  is  a  peculiarity  that  we  naturally  expect  in  a  German  book, 
but  it  might  easily  have  been  remedied,  to  a  great  extent,  by  the 
editor,  if  he  had  chosen  to  add  references  to  a  considerable  number 
of  the  more  important  books  printed  outside  of  Germany,  and 
especially  in  the  English  language. 

The  appearance  of  the  English  translation  will  undoubtedly 
give  this  book  a  far  wider  circulation  in  England  and  America 
than  it  has  hitherto  had,  and  as  a  reference  book  for  somewhat 
advanced  students,  it  is,  perhaps,  unexcelled,  even  with  the  im- 
perfections referred  to,  which  are  largely  due  to  the  fact  that  the 
book  was  written  from  a  German  point  of  view,  and  for  German 
students,  and  has  already  been  published  some  years  in  Germany. 

About  180  pages  of  the  first  volume  are  devoted  to  the  general 
facts  of  comparative  anatomy  and  physiology,  histology,  embry- 
ology, reproduction  of  various  kinds,  evolution,  etc.  This  part 
of  the  book  will  be  of  great  interest  and  use  to  many  who  are  not 
specialists  in  zoology,  but  who  desire  a  general  knowledge  of  the 
modem  status  of  zoological  biology.  Chapter  v,  which  treats 
briefly  of  evolution,  Darwinism,  etc.,  and  the  evidences  for  and 
against  these  theories,  will  be  of  more  general  interest,  perhaps, 
than  any  other  chapter. 

The  remainder  of  the  two  volumes  is  mainly  devoted  to  syste- 
matic zoology,  which  is,  in  general,  treated  with  great  ability  and 
skill. 
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As  a  matter  of  oourse,  the  classification  adopted  is  capable  of 
being  criticised  in  many  respects.  But  upon  this  sabject  zoolo- 
gists are  still  very  far  from  agreeing,  so  that  every  writer  may,  if 
he  chooses,  hold  his  own  views  of  the  classification  of  many  por- 
tions of  the  animal  kingdom.  The  first  volume  includes  the  Pro- 
tozoa, Ccelenterata,  Echinodermata,  Vermes  and  Arthropoda. 
The  rest  of  the  groups  are  included  in  vol.  ii. 

The  Arthropoda,  and  especially  the  Crustacea,  are  very  iully 
treated  in  the  first  volume,  while  the  greater  part  of  the  second 
is  devoted  to  the  Vcrtebrata  (230  pages).  The  illustrations  are 
very  numerous  (706)  and  are,  for  the  most  part,  well  selected  and 
carefully  engraved.  a.  e.  v. 

2.  Presence  of  eyes  in  the  eheUs  of  certain  ChitonidcB,  —  Mr. 
H.  N.  MosBLBT,  in  the  Quarterly  Jounial  of  Microscopical  Science 
for  January,  1 885,  states  his  discovery  of  eyes  in  the  shell  of  cer- 
tain Chitons,  and  describes  and  figures  their  microscopic  structore 
and  method  of  formation.  They  occur  on  the  outer  surfaces  of 
the  shells  of  some  species  of  these  mollusks,  and  are  about  T^jth 
inch  in  mean  diameter.  In  Schizochiton  inciaus^  the  diameter  is 
^th  inch ;  the  anterior  shell  has  six  rows  of  eyes  and  the  pos- 
terior the  same,  the  middle  shells,  two  rows,  with  one  exception, 
in  which  there  are  three.  In  other  species  the  arrangement  is 
different.  In  Tonicia  marmorata  the  eyes  of  the  anterior  shell, 
in  one  specimen,  lie  in  34  radial  lines,  each  line  containing  about 
1 8  eyes. 

The  eyes  have  a  convex  cornea,  a  lens,  and  around  the  cornea 
a  narrow  zone  of  dark  pigment  which  is  the  margin  of  the  pig- 
mented eye-capsule.  Through  the  center  of  each  cornea  is  seen  a 
small  circular  area  somewhat  darker  than  the  aperture  of  the 
pupil,  but  showing  a  brilliant  spot  of  totally  reflected  light  due  to 
the  leris.  The  soft  structures  of  the  eye  lie  in  a  more  or  less 
pear-shaped  chamber,  excavated  in  the  surface  of  the  tegmentum. 
The  eye  is  sometimes  prominent,  and  sometimes  sunk  in  a  shal- 
low pit.  Mr.  Moseley  figures  the  ramifications  of  soft  tissue, 
which  pass  to  the  eyes  and  describes  some  of  the  brancbes  as 
terminating  in  points,  the  papilliform  bodies  of  Van  Beneden, 
that  probably  are,  according  to  Mr.  Moseley,  organs  of  touch,  and 
are  called  by  him  megalsesthetes.  The  eyes  are  evidently  to  be 
regarded  as  modifications  of  megalsssthetes. 

The  forms  of  the  Chitonid»  having  well  developed  eyes  appear 
to  be  mostly  non-European. 

IV.    Miscellaneous  Scientific  Intelligence. 

1.  Temperature  for  March. — ^The  Bulletin  of  the  New  England 
Meterological  Societv  for  March,  1886,  contains  the  following 
statements  in  regard  to  the  temperature  during  that  month  : 
"The  month  has  been  characterized  by  a  greater  amount  of  fair 
weather  and  less  wind  than  is  usual  in  March.  Two  features 
especially  distinguish  the  month  from  the  corresponding  month 
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of  former  years,  viz.:  the  small  precipitation  and  the  low  tempera- 
ture. The  latter  condition,  added  to  the  similar  low  tempera- 
tures of  February  and  the  last  half  of  January,  closes  a  season  of 
remarkable  severity.  At  Worcester,  Mass.,  the  continued  cold 
is  unexampled  in  the  forty-seven  years  of  continued  observation, 
and  it  is  probable  that  a  similar  result  would  be  found  at  other 
stations,  were  the  records  examined.  The  observations  at  Gard- 
iner, Me.,  Cambridge  and  Worcester,  Mass.,  Providence,  R.  I., 
and  New  Haven,  Conn.,  which  cover  a  long  succession  of  years, 
show  that  the  average  temperature  of  the  three  months,  January, 
February,  and  March,  1885,  was  6*2°  below  the  average,  and  of 
the  four  months,  December,  1884', — March,  1885,  3*3°  below  the 
average.  The  month  dosed  with  warmer  weather,  but  the  frost 
in  the  ground  in  southern  New  England  extended  to  a  depth  of 
two  or  three  feet,  and  good  sleighing  continued  in  the  northern 
section. 

^*The  unusually  low  average  temperature  of  the  month  was  the 
result  of  steady  cold  with  but  few  single  records  of  great  sever- 
ity. The  temperature  reached  zero,  however,  at  nearly  all  sta- 
tions, as  will  be  seen  from  Table  IL  The  month  was  the  coldest 
March  on  record  at  Gardiner,  Me.,  Burlington,  Vt.,  and  Worces- 
ter, Mass.,  at  which  continuous  records  of  nearly  half  a  century 
have  been  consulted. 

2.  Scientific  Papers  and  Addresses  of  George  Rolleston, 
M.D.,  F.R.b.,  Linacre  Professor  of  Anatomy  and  Physiology  and 
Fellow  of  Merton  College,  Oxford,  arranged  and  edited  by 
William  Turner,  M.B.,  F.R.S.,  Prof,  of  Med.  and  Anat.  Univ. 
Edinburgh,  with  a  biographical  sketch  by  Edward  B.  Tylor, 
F.R.S.,  Keeper  of  the  Museum,  Oxford.  2  vols.,  948  pp.,  8vo, 
with  portrait,  plates  and  wood-cuts.  1884,  Oxford,  (Clarendon 
Press,  Macmilfan  &  Co.).-^Dr.  Rolleston  was  a  scholar  of 
vigorous,  independent,  ever  active  mind,  of  wide  range  of 
knowledge,  of  brilliant  and  eloquent  speech,  and  judiciously 
liberal  in  politics  and  everything  else ;  a  man  who  wrote 
"  there  is  no  subject  so  pleasing,  and  none  so  ennobling  as  the 
triumph  of  will  over  interest  and  the  victory  of  conscience  over 
expediency,"  and  practiced  accordingly.  After  a  few  years  of 
work  in  the  medical  profession— nine  months  of  it  at  the  English 
hospital  at  Smyrna  durinu  the  Crimean  war — he  was  elected 
professor  at  Oxford  in  1860.  He  died  in  1881  in  his  52d  year. 
His  scientific  papers  in  the  two  volumes  now  published  related  to 
subjects  in  physiology  ;  brain-anatomy ;  human  and  simian  brains; 
craniology  of  the  British  Barrows  or  Bushmen,  etc.,  excavations 
in  ancient  cemeteries  in  England  with  descnptions  of  skeletons 
and  other  archceological  facts ;  also  on  subjects  in  zoology ;  with 
addresses  on  the  modifications  of  aspects  of  organic  nature  pro- 
duced by  man ;  biological  training  and  studies ;  the  relative 
value  of  classical  and  scientific  training ;  the  earth-closet  system  ; 
typhoid  and  enteric  fever  in  Indian  gaols,  and  on  the  relations  of 
that  disease  and  the  cholera  to  the  dry-earth  system  of  conser- 
vancy ;  and  other  topics. 
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3.  Upon  the  formation  of  a  deaf  variety  of  the  Human  Race; 
by  Albxandbb  Graham  Bell.  Paper  presented  to  the  National 
Academy  of  Sciences  at  New  Haven,  November  13,  1883.  86  pp. 
4to. — Mr.  Bell  has  here  brought  to  bear  his  scientific  precision 
and  exact  methods  of  investigation  on  a  question  of  great  im- 
portance to  society.  He  concludes  that  the  tendency  to  inter- 
marriage of  deaf  mutes,  from  their  congregation  in  asylums  and 
being  taught  by  signs  only  intelligible  among  themselves,  pro- 
motes intermarriages  and  the  increase  in  the  number  of  deaf 
mutes,  and  urges  that  the  schools  for  them  should  be  small,  and 
that  instruction  in  articulation  and  speech-reading  should  take 
the  place  of  signs. 

4.  Prehistoric  Fishing  in  Europe  and  North  America;  by 
Chablbs  Rau.  342  pp.  4to,  with  numerous  cuts.  Smithsonian 
Contributions  to  Knowledge,  No.  509. — This  volume  contains  a 
thorough  report,  with  very  numerous  figures,  of  all  that  has  been 
published  on  the  implements,  materials,  boats,  etc.,  used  in  fish- 
ing by  prehistoric  man,  all  stone  pipes  and  other  carvings,  and 
pictures  representing  fishes  and  other  animals  of  the  water;  and 
much  about  the  modes  of  fishing,  the  shell-heaps,  and  other  ethno- 
logical facts  connected  with  the  seashore  Indians.  It  is  full  of 
matter  of  archaeological  value,  all  of  which  is  presented  in  excel- 
lent style,  with  the  best  of  woodcut  illustrations  representing  the 
various  objects  described. 

5.  Dictionary  of  Altitudes  in  the  United  States;  compiled  by 
Hknry  Gannett,  U.  S.  Geological  Survey.  826  pp.  8vo. — ^A 
valuable  volume  of  reference.  It  is  essentially  a  new  and  en- 
larged edition  of  the  work  of  Mr.  Gannett  published  by  the  XJ.  S. 
Geological  Survey  of  the  Territories  in  successive  editions  of  the 
years  1873,  1875  and  1877. 

Anales  de  la  Oficina  Meteorologia  Argentina  par  du  Director  Benjamin  A. 
Gould.     Vol.  iy,  600  pp.  4to.    Cordoba,  1884. 

The  Len&pe  and  their  Legends,  with  the  complete  text  and  symbols  of  the 
Walara  Olum,  a  new  translation  and  an  enquiry  into  its  authenticity :  by  Daniel 
6.  Brinton,  A.M.,  M.D.  262  pp.  Svo.  Brinton's  Library  of  Aboriginal  American 
Literature,  No.  V.     Philadelphia.     1885. 

The  deflective  effect  of  the  earth's  rotation ;  by  W.  M.  Davis.  Reprinted  from 
the  American  Meteorological  Journal.  Vol.  1,  No.  12.  1885.  (W.  H.  Burr 
Publishing  Co.,  Detroit,  Mich.)    A  brief  and  simple  exposition  of  the  subject. 

The  osteology  of  Amia  calva,  by  R.  W.  Shufeldt,  Rep.  Oomm.  Fish  and  Fish- 
eries  for  1883.     90  pp.  8yo,  with  14  plates. 

Die  Fauna  des  Iberger  Kalkes,  von  J.  M.  Clarke.  94  pp.  Svo,  with  three 
plates  of  figures  of  fossils.    Stuttgart,  1884.    (N.  Jahrb.  f.  Min.  Geol.  u.  PaL,  1884). 

Asteroidea,  ved  D.  C.  Danielssen  og  Johan  Koren.  120  pp.  large  4to,  with 
15  plates  and  I  map.  Den  Norske  Nordhavs-Expeditionen,  1876-1878.  XI. 
Christiania,  1884. 

Fourteenth  Annual  Report  on  the  Geological  and  Natural  History  of  Indiana 
for  1884.  John  Gollett,  State  Geologist.  Part  1st,  Geology  and  Natural  History, 
122  pp.  8vo,  with  a  colored  geological  map  of  the  State;  Part  2d,  on  the  Post- 
Pliocene  Vertebrates  of  Indiana,  by  Prof.  B.  D.  Cope  and  James  Wortman.  62  pp. 
8yo,  with  6  plates     Indianapolis,  1884. 

Bulletin  of  the  IT.  S.  National  Museum ;  No.  27,  Descriptive  Catalc^ues  Consti- 
tuting a  Report  upon  the  Exhibit  of  the  Fisheries  and  Fish-culture  of  the  United 
States  of  America,  made  at  the  London  Fisheries  Exhibition.  1883;  prepared 
under  the  direction  of  G.  Browne  Goode,  U.  S.  Commissioner  and  a  staff  of 
associates.     1280  pp.  8vo.     1884.     Washington. 
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Art.   LIV. — Notes   on  American  Earthquakes^   No.    14 ;    by 
C.  G.  Rock  WOOD,  Jr.,  Princeton,  N.  J. 

In  this  article,  as  in  former  ones  of  the  series,  I  give  a  sum- 
mary of  the  information  which  has  come  into  my  hands  in  regard 
to  earthquakes  which  occurred  during  the  preceding  year  in 
North  or  South  America  and  the  adjacent  watera  The  infor- 
mation has  been  gathered  from  various  sources,  largely  from  the 
Monthly  Weather  Review  of  the  U.  S.  Signal  Service,  and 
from  current  newspapers;  but  I  have  also  been  fortunate  in  re- 
ceiving a  greater  number  than  usual  of  manuscript  reports,  mostly 
relating  to  the  shook  of  Aug.  10.  For  many  of  these  my  thanks 
are  due  to  Cleveland  Abb6  of  the  Signal  Service,  and  especially 
to  W.  M.  Davis  of  Harvard  College,  who  kindly  put  into  my 
hands  a  large  amount  of  matter,  both  manuscript  and  printed, 
which  be  had  collected.  The  persons,  whose  letters  to  these 
two  gentlemen  I  am  reaping  the  benefit  of,  are  too  numerous  to 
be  mentioned  here  by  name,  but  putting  their  contributions 
with  my  own  collection,  I  find  that  I  have  at  command  about 
one  hundred  and  fifty  direct  manuscript  reports  on  the  earth- 
quake of  Aug.  10,  besides  a  very  large  amount  of  newspaper 
cuttings.  For  other  reports  T  am,  as  heretofore,  indebted  to  J. 
M.  Batchelder  of  Cambridge,  Mass.,  and  to  Charles  Carpmael 
of  Toronto,  Superintendent  of  the  Canadian  Jleteorological 
Service. 

As  in  former  notes,  when  a  shock  is  recorded  on  the  authori- 
ty of  a  single  report,  the  source  of  the  information  is  indicated, 
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and  a  few  items,  which  were  regarded  as  somewhat  uncertain, 
are  printed  in  smaller  type.  The  division  of  the  day  into 
twenty-four  hours  is  again  employed. 

An  attempt  has  also  been  made  in  these  notes  to  distinguish 
the  shocks  according  to  the  degree  of  intensity.  For  that  pur- 
pose a  scale  was  provisionally  adopted,  with  reference  to  which 
the  adjective  indicating  intensity  was  selected,  this  selection 
being  guided,  whenever  possible,  by  the  statements  of  the  phe- 
nomena observed  rather  than  by  the  mental  impression  of  the 
observer.  Thus  an  earthquake  called  by  the  newspapers 
"severe"  may  perhaps  be  found  characterized  here  as  *Might" 
because  only  causing  the  phenomena  which  mark  that  degree. 
The  scale  employed  is  as  follows: 

I.  Very  light : — Noticed  by  a  few  pei'sons  but  not  generally 
felt. 

II.  Light : — Felt  by  the  majority  of  persons,  rattling  windows 
and  crockery. 

III.  Moderate  : — Sufficient  to  set  suspended  objects,  as  chande- 
liers, etc.,  swinging,  or  to  overthrow  light  objects  favorably 
placed. 

IV.  Strong : — Sufficient  to  crack  the  plaster  in  houses  or  to 
throw  down  bricks  from  chimneys. 

V.  Severe: — Overthrowing  chimneys  or  walls  and  injuring 
some  buildings. 

VI.  Destructive: — Causing  general  destruction  of  buildings,  etc. 

This  scale  is  adopted  for  the  purposes  of  the  present  article, 
but  it  is  quite  probable  that  considerations  of  uniformity  with 
European  observers  may  lead  to  the  use  of  the  Rossi-Forel 
Scale  in  future  papers. 

1884. 

Jan.  3. — At  20**  40"  a  light  shock  occurred  at  Portland,  Oregon ; 
duration  about  two  seconds ;  vibration  southeast  to  northwest. — 
U.  S.  Weath.  Rev. 

Jan.  4. — At  11**  66°*  a  very  light  shock  at  Los  Angeles,  Califor- 
nia.— U.  S.  Weath.  Rev. 

Jan.  14. — At  Montevideo,  TTruguay,  a  little  after  7**  30"  the  sea 
suddenly  fell  so  that  bathers  were  able  to  reach  bottom  where  be- 
fore there  had  been  a  depth  of  three  metres.  Immediately  a  wave, 
coming  from  the  south-southwest,  rolled  upon  the  shore,  raising 
the  water  about  1.60"  above  its  mean  level.  The  phenomenon 
was  confined  to  the  immediate  vicinity  of  Montevideo,  not  being 
noticed  at  Buenos  Ayres  on  the  opposite  side  of  the  estuary. — 
Comptes  RenduSj  Feb.,  1884. 
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Jan.  18. — At  2**  a  moderate  earthquake  occurred  at  Contoocook, 
New  Hampshire,  and  vicinity. 

Jan.  18. — At  about  8**  two  light  shocks  were  felt  on  the  southern 
coast  of  North  Carolina.  They  were  reported  from  Wilmington, 
New  River  Inlet,  Foi-t  Macon,  and  Beaufort,  and  ten  miles  east  of 
Newberne,  and  also  along  the  railroad  connecting  Newberne  and 
Beaufort.  They  were  sufBcient  to  rattle  windows  and  crockery. 
At  Foi*t  Macon  a  rumbling  sound  was  heard,  the  duration  was 
stated  as  three  or  four  seconds,  and  the  direction  southwest  to 
northeast. 

Jan.  26. — Assistant  George  Davidson  of  the  TJ.  S.  Coast  Survey 
reported  from  San  Francisco  that  at  19*^  24"^,  "Earthquake  waves 
were  indicated  by  the  levels  of  the  astronomical  instruments  of 
the  observatory.  The  amplitude  of  each  vibration  was  three 
seconds  of  arc  in  six  seconds  of  time  and  they  continued  for 
twenty  minutes." 

Jan.  27. — At  23^  30"*  a  moderate  earthquake  occurred  in  Hum- 
boldt County,  Cal.  Two  shocks  were  felt,  the  first  at  the  time 
above  stated,  the  second,  a  very  light  one,  about  five  minutes 
later.  They  were  preceded  and  followed  by  a  roaring  sound,  and 
were  reported  from  Eureka,  Hydesville,  and  Cape  Mendocino. 
At  the  latter  place  the  first  shock  was  sufficient  to  snake  buildings 
perceptibly  and  to  displace  light  articles.  The  direction  was 
variously  stated. 

Jan.  29. — ^Three  distinct  light  shocks  at  Rothesay,  nine  miles 
from  St.  Johns,  N.  B.     The  hour  not  stated.— iVI  X.  Times. 

Feb.  15. — About  6^  a  very  light  shock  at  Caledonia,  Missouri,  reported  by  R. 
F.  Chew  in  the  Saint  Louis  "Globe  Democrat,"  Feb.  20,  '84. 

Feb.  16. — At  9^  a  very  light  earthquake  at  Point  des  Monts, 
Quebec. —  Canadian  Meteorol,  Serv. 

March  2. — At  10**  20"  a  moderate  shock  in  Orchilla  Harbor,  in 
the  Caribbean  Sea,  and  another  lighter  one  at  4^  on  March  4  at 
the  same  place ;  reported  by  Captain  Holt  of  the  ship  "  David 
Stewart."— t/:  M.  B. 

March  15. — At  3^  7*"  a  very  light  shock  at  San  Francisco,  Cal.,  preceded  by  a 
loud  rumbling  noise. — N,  T.  Times. 

March  17. — At  14^  a  light  shock  at  North  Platte,  Nebraska. — 
U.  &  Weath.  Rev. 

March  18. — feetween  13"  30°^  and  13**  45™  a  moderate  earth- 
quake occurred  in  Southeastern  Newfoundland.  It  extended 
from  St.  John,  where  it  was  only  slightly  felt,  northwestward  to 
Trinity,  a  distance  of  about  sixty-five  miles,  being  reported  in  the 
intervening  country  from  Hearts  Content,  Harbor  Grace,  Roberts, 
Brigus  Bay,  and  Holyrood.     The  direction  was  north  to  south. 

March  25. — At  15^  40°*  a  severe  earthquake  shock  occurred  at 
San  Francisco,  Cal.,  and  vicinity,  followed  by  a  second  somewhat 
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lighter  shock  at  17**  17™.  It  was  felt  along  the  coast  from  Santa 
Cruz  to  Petal uma,  a  distance  of  about  a  hundred  miles.  The  first 
shock  lasted  about  five  seconds,  the  other  about  two  seconds. 
The  direction  was  north  and  south.  In  San  Francisco  some 
houses  were  seriously  injured,  the  walls  being  crocked  so  as  to 
render  them  unsafe.  It  was  severely  felt  in  Oakland  and  Berke- 
ley on  the  east  side  of  San  Francisco  Bay. 

March  29. — In  the  evening  a  light  shock  reported  in  Accomac  County,  Virginia. 
—K  T.  Time$. 

March  31.-^  At  5^  a  light  shock  was  felt  at  Mil  ledge  ville, 
Georgia. —  U,  8.  Weath,  Rev. 

March  31. — At  13*»  three  very  Ugkt  shocks  reported  by  J.  W.  Hammit  at  CJol- 
lege  HiU,  HamUton  Countjr,  Ohio.— CT.  S.  Weath.  Rev. 

April  6. — ^At  6^  20°^  a  very  light  shock  felt  at  Eureka  and  Hydes- 
ville,  Humboldt  County,  Cal. 

April  8  and  11. —  Very  light  shocks  in  the  morning  at  Eureka, 
Gal.—  U.  8.  Weath.  Eev. 

April  11. — At  14**  10"  a  moderate  shock  at  Carson  City  and 
Virginia  City,  Nevada ;  duration  three  seconds ;  vibration  north- 
west to  southeast. 

April  17. — At  21^  10"»  a  light  shook  at  Oakland,  Cal.,  accom- 
panied by  a  rumbling  noise ;  vibration  northwest  to  southeast. — 
U.  8.  Weath.  Bev. 

April  20. — At  11^  30°*  a  very  light  shock  at  Oakland,  Cal. —  U. 
8.  Weath.  Bev. 

April  21.— At  9^,  the  schooner  "M.  A.  Nutter,"  when  in  lat. 
21°  6'  N.,  long.  61°  44'  W.  "was  shaken  from  stem  to  stern  by 
the  shock  of  an  earthquake,  apparently  from  the  westward."  The 
position  given  is  in  deep  water  (about  3000  fathoms),  about  200 
miles  northeast  of  Sombrero,  Windward  Islands. 

April  30. — At  6^  46",  at  Ogreeta,  Cherokee  County,  North  Carolina,  a  low 
rumbling  sound  of  earthquake  was  heard,  apparently  from  the  north.  No  tremor 
was  reported.— it:  S.  Weath.  Bev. 

June  6. — ^At  1^  two  strong  shocks  were  felt  at  Red  Bluff,  Cali- 
fornia, each  of  about  one  second's  duration  and  with  an  interval  of 
three  or  four  seconds.  The  shock  caused  the  wall  of  a  brick 
building  to  crack.    The  direction  was  east  to  west. 

June  12. — At  8^  43™  a  strong  shock  is  reported  by  Capt.  C.  F. 
Swan  to  have  been  felt  on  the  ship  "  City  of  Brooklyn"  when  in 
lat.  40°  24'  N.,  long.  126°  60'  W.,  being  in  the  PaciBc  Ocean, 
about  75  miles  west  of  Cape  Mendocino,  Cal.  It  "  caused  the 
vessel  to  shake  as  though  she  had  struck  a  reef." 

June  16. — At  10^  48°*  a  shock  was  felt  at  Los  Angeles,  Cal., 
vibrations  north  to  south  ;  duration  about  two  seconds. —  V.  S, 
Weath.  Bev. 

July  16. — About  daylight  a  very  light  shock  reported  at  San 
Francisco,  Cal. ;  vibration  east  to  west. —  U.  8.  Weath.  Bev. 
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Aag.  4. — About  1^  three  very  light  shocks  at  Santa  Barbara, 
Cal.  A  very  light  shock  also  on  the  night  of  the  2d-3d. —  U.  S. 
WecUh.  Bev, 

Aug.  8. — About  23^  a  very  light  shock  at  Tuckernuck,  near  Nan- 
tucket, which  was  reported  to  me  by  Prof.  E.  S.  Morse,  of  Salem, 
Mass. 

Aug.  10. — About  14^  7.3"  a  «^ron^  earthquake  occurred  in  New 
England  and  the  Middle  States,  a  preliminary  notice  of  which  has 
already  appeared  in  this  Journal  (xxviii,  242). 

In  investigating  the  area  affected  by  this  shock,  215  report- 
ing stations  were  marked  upon  the  map,  a  reduced  copy  of 
which  accompanies  these  notes.     The  stations  were  marked  in 


Digitized  by 


Google 


430        CI  G.  Rookfwood^  Jr. — American  Earthquakes. 


Buch  a  way  as  to  indicate  the  inteDsity  at  each,  according  to  the 
adopted  scale,  as  inferred  from  the  reported  phenomena,  and 
three  curves  of  intensity  were  drawn.  The  largest  curve  in- 
cludes all  stations  reporting  except  Titusville,  Pa.  The  next 
curve  includes  all  those  where  the  intensity  reached  III,  except 
Boston,  Mass.,  and  Eutland,  Vt.  The  inner  curve  includes  all 
those  reaching  IV.  The  only  places  where  the  reported  in- 
tensity reached  V  were  Jamaica  and  Amityville  in  the  western 
part  of  Long  Island.  At  Jamaica  it  was  stated  that  '*the 
walls  of  the  Presbyterian  Sunday  School  were  cracked  in  two 
places,  the  openings  being  from  one  to  two  inches  in  width  and 
extending  from  the  roof  to  the  foundation."  At  Amityville 
it  was  reported  that  "  a  large  mirror  which  reached  from  the 
ceiling  to  the  floor  was  cracked  from  the  top  to  the  bottom  and 
the  walls  of  the  room  were  cracked  in  two  places.  A  broom 
handle  can  be  laid  in  the  cracks  in  the  walls." 

The  boundary  of  the  largest  area  passes  from  the  coast  near 
Portsmouth,  N.  H.,  to  Burlington,  Vt,  then  turning  sharply 
southwest  passes  about  midway  between  Uticaand  Schenectady. 
N.  Y.,  a  little  east  of  Binghamton,  N.  Y.,  west  of  Williams- 
port,  Pa.,  east  of  Chambersburg,  P«n.,  south  of  Mechanicsiown 
and  Baltimore,  Md.,  and  so  eastward  to  the  coast  again  at 
Atlantic  City,  N.  J.,  enclosing  a  land  area  of  about  70,000 
square  miles.  The  area  of  intensity  IV  is  nearly  elliptical,  its 
longer  axis  extending  from  Hartford,  Conn.,  to  West  Chester, 
Pa.,  and  having?  its  centre  near  New  York,  bein^  about  200 
miles  long  by  70  miles  wide.  The  long  axis  of  this  ellipse  is 
closely  parallel  to  the  general  direction  of  the  Appalachian 
chain  in  this  region.  At  thirty  places  within  this  area,  fallen 
bricks,  cracked  plaster,  etc.,  testified  to  the  power  of  the  earth- 
quake. The  shock  was  reported  from  Titusville  in  northwest- 
ern Pennsylvania,  but  was  apparently  not  felt  at  any  other 
place  in  that  direction  beyond  Williamsport. 

The  time  observations  which  appear  most  reliable  are  given 
in  the  following  table; 


Plaox. 

Obsxbtxb. 

1               TIM*  AVTBB  14  h. 

Shelter  Island.  (L.  I.) 
Seabright  N.  J. 
Aebury  Park,  N.  J. 
PoiDt  Pleasant,  N.  J. 
Morristowu,  N.  J. 
Pfinceion,  N.  J. 

N.  Y. 

Prof.  Horsford. 

(?) 
W.  D.  Johnson. 
Prof.  H.  A.  Newton. 
C.  G.-  Rockwood. 
Prof.  0.  A.  Young. 

6"  50'. 

!7«'. 

7"  3»  to  7"  7»  ±  2  or  3*. 

|7»'. 

7"  30«  ±  4  or  6'. 

Germantown,  Pa. 

Brooklyn  Heights,  N. 
Stone  Ridge,  N.  Y. 
New  Haven,  Conn. 
Harvard  College. 

Y. 

j  W.  F.  Burr. 
\  P.  M.  Reese. 
S.  McElroy. 
Prof.  I.  E.  Hasbrouck. 
L.  Waldo. 
Prof.  Pickering. 

7™  20*  to  7»  30«  ±  2«. 

s™  30V 
8» 

;7"»  25*. 
7™  15*. 
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These  do  not  indicate  with  any  certainty  a  progressive  motion 
from  aiiy  centre.  Assuming  the  shock,  therefore,  to  have  been 
practically  simultaneous  at  these  stations,  the  mean  of  these 
times,  or  14**  7°*  18',  would  be  the  time  of  the  beginning  of  the 
earthquake  as  nearly  as  it  can  be  ascertained. 

The  directions  reported  at  fifty-nine  stations  were  plotted 
and  examined.     They  are  as  follows : 

Northwest  and  southeast *l 

North  and  south - .-.-  19 

Northeast  and  southwest 19 

East  and  west 14 

The  only  inference  that  can  be  drawn  from  this  statement  is 
that  the  propagation  was  in  a  northeast-southwest  direction  or 
the  reverse,  since  the  number  of  northwest-southeast  observa- 
tions is  notably  less  than  the  others.  An  examination  of  the 
map  at  once  indicates  that  the  cause  of  this  earthquake  is  to  be 
sought  in  the  vicinity  of  New  York  City.  The  center  of  the 
inner  curve  falls  in  northeastern  New  Jersey,  where  are  sev- 
eral dykes  of  trap  rock,  prominent  among  which  is  the  one 
forming  the  Palisades,  on  the  west  bank  of  the  lower  Hudson, 
and  which  is  continued  southward  in  Bergen  Hill  to  its  end  in 
Staten  Island.  Nor  is  the  presence  of  these  trap  dykes  the 
only  indication  that  the  vicinity  of  New  York  Bay  has  been  a 
disturbed  area  in  past  geological  time.  The  fact  that  here  is 
the  lowest  part  of  the  grand  Appalachian  chain,  which  reaches 
much  greater  elevations  in  the  Catskills  and  the  Green  Moun- 
tains to  the  north,  and  in  the  Alleghanies  to  the  south ;  the 
deflection  of  the  plumb  line,  which  here  is  toward  the  ocean 
instead  of  toward  the  mountains ;  the  presence  of  the  bay 
itself,  intensified  by  the  strange  depression  or  valley  in  the 
ocean  bottom  extending  seaward  from  Sandy  Hook,  as  shown 
in  the  relief  model  exhibited  by  Professor  Hilgard  at  the 
Philadelphia  meeting  of  the  American  Association  last  sum- 
mer; the  comparative  frequency  of  slight  earthquakes  in  this 
neighborhood;  all  these  point  to  a  condition  of  the  subjacent 
strata  favorable  to  the  occurrence  of  fractures  and  faults, 
which  would  give  rise  to  the  surface  phenomena  of  an  earth- 
quake. While  the  observations  in  the  present  case  are  not 
sufiiciently  precise  to  locate  such  a  fracture  exactly,  the  gen- 
eral inference  that  this  earthquake  was  due  to  some  rupture  of 
the  strata  underlying  the  immediate  neighborhood  of  New 
York  seems  sufficiently  well  substantiated.  The  observations 
on  direction  pointing  to  a  more  decided  vibration  in  a  north- 
east-southwest direction,  and  the  longer  axis  of  the  smaller 
intensity  curve  trending  in  the  same  general  direction,  would 
indicate  that  the  line  of  the  fracture  was  northwest  and  south- 
east, a  direction  which  is  at  right  angles  to  the  trend  of  the 
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trap  dykes,  as  also  to  the  strike  of  the  sedimentary  strata,  and 
parallel  to  that  of  the  submarine  valley  spoken  of  above. 

Much  time  has  already  been  given  to  the  study  of  the  mate- 
rial gathered  in  regard  to  this  earthquake,  the  general  conclu- 
sions of  which  have  been  stated,  afid  the  hope  is  still  enter- 
tained of  publishing  in  due  time  a  more  detailed  discussion 
accompanied  by  a  larger  map. 

There  were  sundry  reports  of  light  succeeding  shocks  at 
various  hours  on  the  11th,  but  none  were  confirmed  by  two 
observers,  and  all  were  apparently  due  to  the  excited  imagina- 
tion of  the  public. 

Aug.  24. — At  \^^  45™  a  light  earthquake,  rattling  windows 
and  accompanied  by  a  low  rumbling  sound,  occurred  at  Knox- 
ville,  Tennessee,  and  vicinity. 

Sept.  10. — An  earthquake  at  Lima,  Peru,  called  in  newspaper 
reports  "  a  strong  shock,"  but  no  damage  reported. — J.  M,  JB, 

Sept.  19. — At  14**  14-2"*  central  standard  time,  a  moderate 
earthquake  was  felt  in  Ohio  and  Indiana  and  portions  of    the 


Earthquake,  Sept.  19,  1884.     •  Places  reporting.      +  Greater  intensity. 
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adjacent  States.  From  the  accompanying  plan  formed  by  mark- 
ing on  the  inap  the  positions  of  one  hundred  and  two  places 
where  it  was  reported  to  have  been  felt,  its  principal  area  is  seen 
to  be  approximately  defined  by  the  following  chain  of  cities,  viz : 
Louisville,  Ky.,  Parkersburg  and  Wheeling,  West  Va.,  London, 
Ont.,  Bay  City  and  Grand  Rapids,  Mich.,  Michigan  City  and 
Lafayette,  Ind.  A  curved  line  enclosing  these  places  would  in- 
clude a  nearly  circular  area,  with  a  diameter  of  about  four  hun- 
dred miles  and  whose  center  is  a  little  east  of  Lima,  Ohio ;  and 
within  this  area  the  reporting  stations  are  seen  to  be  thickly 
crowded.  Reports  from  Cedar  Rapids  and  Dubuque,  Iowa,  men- 
tion tremors  noticed  by  a  ^^^  persons  there,  and  corresponding 
approximately  in  time  with  this  shock ;  while  a  few  pei-sons 
claimed  to  have  felt  it  faintly  in  Washington,  D.  C.  Among  the 
latter  were  workmen  on  the  top  of  the  Washington  Monument, 
at  that  time  about  600  feet  high.  These  last  places  are  far  out- 
side of  the  boundaries  given  above.  Within  these  lines  the 
shock  was  evidently  not  of  equal  intensity  in  all  places.  At 
Lidianapolis  and  at  Vevay,  Lawrenceburgh,  Connersville  and 
Winchester,  all  in  the  southeastern  corner  of  Indiana;  at  Cincin- 
nati, Urbana,  Findlay  and  Cecil  in  Western  Ohio ;  at  Columbus, 
Millersburg  and  Cleveland  in  Central  and  Northern  Ohio ;  as 
also  at  Parkersburg,  West  Va.  and  at  East  Saginaw,  Mich.,  there 
were  reports  of  swaying  chandeliers,  displaced  furniture,  etc.,  in- 
dicating an  intensity  reaching  III.  of  our  scale.  All  these  places 
except  the  last  two  are  in  the  middle  portion  of  the  disturbed 
area,  and  would  be  within  an  elliptical  area  with  a  major  axis  of 
about  300  miles  directed  approximately  northeast  and  southwest, 
and  a  minor  axis  about  half  as  great.  This  inner  curve  is  not 
symmetrically  placed  with  respect  to  the  outer  one,  its  center 
falling  about  thirty  miles  south  of  that  of  the  larger  area  and 
near  the  town  of  Belle  Fontaine,  Ohio.  Outside  of  this  area, 
except  at  the  two  places  mentioned,  the  reported  phenomena  no- 
where indicate  an  intensity  greater  than  II  of  our  scale. 

The  time  given  above  is  the  mean  of  twelve  reports  in 
which  the  time  given  was  directly  stated  to  be  either  "stan- 
dard "  or  "local."  These  are  contained  in  the  annexed  table, 
in  which,  for  the  last  eight  places,  the  dates  have  been  reduced 
from  local  time  to  the  standard  time  of  90°  west  longitude. 


Shelby ville.  Ind 

Metamora,  Ind 

Archbold,  O 

Coshocton,  0 

Indianapolis,  Ind 

Toledo,  0 

Cincinnati,  0 


Columbus,  0. 

Cleveland.  0. 

Xewrark,  0 

Detroit,  Mich 

E.  Saginaw,  Mich. . 

Mean, 


h.  m. 

2.14  P. 

2.14 

2.15 

2.13 

2.11 

2.142 


At  many  other  places  time  was  reported  but  without  indi- 
cating to  what  standard  it  was  referred. 
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At  many  places  two  or  three  distinct  vibrations  were  noted, 
and  the  duration  was  variously  estimated  from  three  to  thirty 
seconds.  Notes  of  the  direction  of  vibration  are  given  at 
comparatively  few  places  and  present  nothing  of  interest.  At 
Columbus,  O.,  chandeliers  were  observed  to  sway  from  north 
to  south,  the  motion  continuing  for  at  least  two  minutes. 

In  seeking  for  a  possible  connection  between  this  earthquake 
and  the  geology  of  the  region,  we  at  once  meet  with  a  very 
suggestive  fact.  Crossing  the  western  part  of  Ohio  is  an  anti- 
clinal, known  in  the  geology  of  the  State  as  the  Cincinnati 
arch.*  Its  axis  or  crest  is  traced  from  south  to  nortli  through 
Tennessee  and  Kentucky,  crosses  the  OhioBiver  a  little  east  of 
Cincinnati,  extends   in  a  direction   somewhat  east  of   north, 

f)assing  near  and  a  little  east  of  Belle  Fontaine,  and  reaches  the 
ake  shore  between  Toledo  and  Sandusky,  some  fifteen  or 
twenty  miles  east  of  the  former.  It  probably  finds  its  continu- 
ation in  some  islands  in  Lake  Erie.  Its  bearing  is  nearly  par- 
allel to  that  of  the  folds  of  the  Alleghanies.  The  rocks 
composing  .this  arch  are  the  Lower  Silurian  limestones,  espe- 
cially those  known  as  the  Cincinnati  group,  which  occupy 
the  crown  as  far  as  Dayton,  while  farther  north  these  are  over- 
laid by  the  Niagara  and  later  deposits.  Professor  Newberry  f 
regards  this  arch  as  having  been  upraised  between  the  Lower 
and  Upper  Silurian  ages,  but  as  having  continued  to  be  a  line 
of  dLiturbance  through  several  succeeding  geological  ages. 

I  have  thought  it  worth  while  to  state  thus  some  of  the  facts 
in  regard  to  this  Cincinnati  arch,  because  its  axis  crosses  so 
exactly  over  the  centers  both  of  the  larger  area  of  disturbance 
and  of  the 'smaller  area  of  increased  intensity  of  this  earth- 
quake as  described  above,  and  the  direction  of  this  axis 
approaches  so  nearly  to  that  of  the  long  axis  of  the  smaller 
earthquake  area,  that  a  physical  connection  between  the  two 
phenomena  is  at  once  suggested.  It  is  natural  to  infer  that 
this  anticlinal  arch  is  still  in  a  state  of  strain  and  that  the 
earthquake  of  September  19th  was  the  direct  result  of  some 
giving  way  or  snap  of  the  strata  forming  it,  causing  a  new 
fault  somewhere  near  Belle  Fontaine.  It  would  be  interesting 
in  this  connection  to  know  if  there  have  been  any  signs  of 
recent  changes  of  level  in  that  region,  or  anything  else  to  indi- 
cate that  the  upheaval  of  this  arch  may  be  still  in  slow 
progress. 

Sept.  21. — Between  22*^  and  23**  light  shocks  were  felt  at  New 
Tacoma,  Washington  Ter. —  U.  S.  Weath.  Rev, 

Sept.  26. — At  22^  53"  a  light  shock  was  felt  at  Fort  Yuma, 
Arizona,  duration  ten  seconds,  vibration  south   to  north.      An- 

*  Geological  Sunrey  of  Ohio,  vol.  i. 

f  Geol.  Surv,  of  Ohio,  vol  i,  pp.  103,  lOG. 
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other  very  light  shock  was  felt  about  3^  of  the    27th. —  U.  8, 
Weath.  jRev. 

Oct.  2. — Two  light  shocks  occurred  at  Rivas,  Nicaragua,  the 
first  at  14^  82%  of  two  seconds  duration,  the  second  after  16**  of 
about  three  seconds  duration.  The  latter  was  also  reported  as 
strongly  felt  at  San  Juan  del  Sur  at  16^.  The  district  of  Rivas, 
where  these  places  are  situated,  occupies  the  country,  about 
thirty  miles  wide,  between  Lake  Nicaragua  and  the  Pacific  Ocean. 

Oct.  10. — In  the  early  morning  a  veri/  light  shock  at  Roxbury 
and  West  Newton,  Mass.,  and  vicinity. — J,  M,  B, 

Oct.  22.— At  15*»  34"^  a  light  shock  at  Los  Angeles,  Cal.—  V,  JS. 
Weath.  JRev. 

Oct.  24. — At  0''  16""  a  vert/  light  shock  at  Huntingdon,  Quebec. 
—  Canadian  Met.  Serv. 

Oct.  26. — Shortly  after  20^  a  very  light  shock  was  felt  at  Nashua,  N.  H.  There 
was  a  noise  as  of  a  heavy  explosion  followed  by  a  low  rumbling  sound.  The 
general  direction  of  the  tremor  was  from  southwest  to  northeast,  and  it  continued 
four  or  five  seconds. — J.  M.  B. 

Nov.  4. — ^The  ship  "  Occidental "  reported  that  at  18^,  when 
150  miles  off  Cape  Mendocino,  Cal.,  three  shocks  of  earthquake 
were  felt,  followed  a  few  hours  later  by  two  heavier  ones. —  U.  S. 
Weath.  Rev. 

Nov.  5. — A  destructive  earthquake  occurred  on  the  isthmus  of 
Panama,  in  which  Aquadas  and  Pacoria  suffered  severely, 
churches,  public  edifices  and  private  houses  being  overthrown, 
with  damages  estimated  from  $250,000  to  $400,000.— iV^cwarA;  {N. 
J.)  Daily  Advertiser. 

Nov.  6. — Despatches  from  Buenaventura,  States  of  Colombia, 
report  that  a  severe  earthquake  was  felt  on  the  night  of  t,he  6th 
at  Call  and  other  towns  in  the  Southern  States.  The  church  of 
San  Pedro  at  Cali  was  wrecked  and  other  buildings  suffered 
severely. 

It  is  possible  that  the  last  two  items  may  refer  to  the  same 
occurrence.     The  hour  was  not  stated  in  either  case. 

Nov.  9. — About  2**  a  strong  earthquake  was  felt  at  Fort 
Brids^er,  Wyoming,  at  Salt  Lake  City,  Utah,  and  at  Paris,  Idaho. 
At  Fort  Bridger  *'  telegraph  wires  swung  perceptibly,"  the  dura- 
tion was  five  to  ten  seconds  and  the  direction  west  to  east.  At 
Paris  six  shocks  were  reported  between  2**  and  4^.  Here  also 
**  considerable  damage  to  houses  is  reported  and  people  were 
affected  by  sea-sickness."  The  notes  in  regard  to  Salt  Lake  City 
and  Paris  are  from  the  Kansas  City  Review  of  Science,  where 
the  date  is  given  Nov.  10.  But  both  accounts  seem  evidently  to 
refer  to  the  same  occurrence  which  is  known  to  have  occurred  on 
Nov.  9  at  Fort  Bridger. 

Nov.  12. — About  19*»  50"*  a  light  earthquake  occurred  in 
Southern  New  Hampshire,  being  reported  from  Concord,  Hop- 
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kinton,  Bradford  and  Warner  in  Merrimack  County,  and  Hills- 
borough and  Antrim  in  Hillsborough  County. 

Nov.  12. — The  self-registering  tide  guage  at  Saucelito,  Cal., 
recorded  a  series  of  waves  probably  due  to  a  submarine  earth- 
quake. They  are  thus  described  in  the  San  Francisco  Evening 
Bulletin  of  Dec.  13.  "  They  commenced  at  eight  o'clock  in  the 
morning  and  ended  at  eleven.  There  are  nine  well-marked  crests 
in  two  and  a  half  hours  or  only  seventeen  minutes  apart.  They 
are  only  two  or  three  inches  in  height  but  maintain  the  charac- 
teristic earthquake  features,  in  plain  contrast  with  the  breaking 
bar  markings,  which  are  very  sharp  and  frequent.  It  would  ap- 
pear from  the  height  and  length  of  the  waves  that  thi^  submarine 
earthquake  took  place  near  our  coast  and  was  not  violent." 

Nov.  13.— The  so-called  earthquake  reported  on  this  date  in  Essex  County, 
Ontario,  was  caused  by  an  explosion  of  powder  at  Toledo,  Ohio. 

Nov.  21. — In  the  evening  several  places  on  both  sides  of  the 
St.  Lawrence  River;  between  St.  Flavie,  Kamouraska  Co.,  and 
6asp6,  a  distance  of  about  260  miles,  were  visited  by  a  light 
earthquake.  The  vibration  lasted  45  or  60  seconds,  but  did  no 
damage,  although  creating  alarm. 

Nov.  22. — At  ^^  18™  a  destructive  earthquake  occurred  at 
Lima,  Peru,  and  vicinity.  The  motion  was  from  southwest  to 
northeast.  At  Callao  portions  of  the  cliff  were  shaken  down 
upon  the  beach.  The  walls  of  many  houses  were  cracked  and 
some  were  shaken  down.  At  Chorillos  a  series  of  cracks  were 
opened  nine  yards  from  the  edge  of  the  cliff. 

Nov.  23. — At  0**  30°^  a  strong  earthquake  occurred  in  New 
Hampshire,  Eastern  Massachusetts  and  Connecticut.  At  Con- 
cord, N.  H.,  a  light  shock  was  followed  by  a  heavier  one  sixteen 
minutes  later,  direction  west  to  east,  accompanied  by  a  rumbling 
noise  loud  enough  to  awaken  people.  At  Henniker,  N.  H.,  the 
foundation  of  a  boiler  was  displaced.  It  was  "  extensively  felt  in 
that  part  of  the  State."  It  was  reported  as  lightly  but  distinctly 
felt  at  Plymouth,  Grafton  Co.,  N.  H.,  at  New  Ipswich  and  Clif- 
tondale,  Essex  Co.,  at  Cambridge  and  at  Holden,  Worcester  Co., 
Mass.,  and  at  Hartford  and  Mansfield,  (yonn.  At  the  last-named 
place  seven  or  eight  shocks  were  noted  in  rapid  succession,  in- 
creasing in  intensity  from  first  to  last.  The  time  of  the  occur- 
rence, a  half  hour  after  midnight,  will  probably  account  for  its 
not  having  been  more  generally  noticed  at  intervening  places. 

Nov.  29. — About  23**  a  light  shock  occurred  in  Western  Ten- 
nessee, reported  from  Memphis,  Covington  and  Dyersburg.  The 
direction  was  generalljr  stated  as  west  to  east  or  southwest  to 
northeast,  duration  vanously  given  from  five  seconds  to  a  minute. 
It  was  accompanied  by  a  rumbling  noise. 

Dec.  4. — At  0^  IB"  a  very  light  shock  at  Northampton,  Mass. — BuU.  N,  Eng. 
Met  Soc. 

Dec.  17. — At* about  2^  a  light  shock  was  felt  at  Laconia  and 
Center  Harbor,  Belknap  Co.,  N.  H. 


Digitized  by 


Google 


J.  D,  Dana — Taoonio  Bocks  and  Stratigraphy.       437 

The  above  list  contains  fifty-four  items  not  counting  the  one  of 
Nov.  1 3,  of  which  seven  are  in  small  type.  They  may  be  geo- 
graphically classified  thus : 

Canadian  Provinces 5 

New  England 9 

Atlantic  States 5 

Mississippi  Valley *l 

Pacific  Coast 21 

West  Indies 2 

Central  America  and  Colombia 3 

Peru.-.: 2 

Uruguay 1 

55 
Deduct  for  Aug.  10,  counted  twice 1 

64 

By  seasons  they  are  classified  thus  : 

Winter,  12  (Dec,  2;  Jan.,  8;  Feb.  2);  Spring,  16  (Mar.,  8; 
Apr.,  7;  May,  0);  Summer,  8  (June,  4;  July,  0;  Aug.,  4);  Au- 
tumn, 19  (Sept.,  4;.  Oct.,  6;  Nov.,  10);  Spring  and  Summer 
together,  23  ;  Autumn  aud  Winter  together,  31. 

The  following  localities  were  shaken  on  two  or  more  days,  viz  : 

Los  Angeles,  Cal.,  Jan.  4,  Jan.  16,  Oct.  22;  San  Francisco, 
Jan.  26,  Mar.  16,  26,  July  16,  Nov.  12;  Oakland,  Cal.,  Mar.  26, 
April  17,  20;  Eureka,  Cal,  Jan.  27,  April  6,  8,  11;  Concord, 
N.  H.,  Aug.  10,  Nov.  12,  23. 

The  only  shocks  causing  much  damage  were  Nov.  6,  Panama ; 
Nov.  6,  Colombia ;  Nov.  22,  Lima,  and  Aug.  10,  Middle  States. 

Princeton,  March  28,  1885. 


Art.  LV. — Taconic  Rocks  and  Stratigraphy ;  by 
James  D.  Dana. 

[Continued  from  page  222.] 

V.  Metamorphism  and  Mineral  Constitution  in  the  Taconic  He- 
gion,  gradational  from  WeM  to  East  and  from  North  to  South. 

The  succession  in  the  dijBFerent  lithological  areas  exhibited 
on  the  map  of  the  southern  portion  of  the  Taconic  region  (pub- 
lished witn  the  preceding  part  of  this  paper)  is  as  follows, 
beginning  on  the  west: 

(1.)  Winchell's  Ridge  of  schist  and  other  small  ridges  in 
Copake  north  of  it. 

(2.)  The  western  belt  of  limestone,  passing  through  Copake 
arid  Millertou. 

(3.)  The  limestone  area  in  Salisbury,  with  its  isolated  schist 
ridges,  extending  eastward  to  the  Housatonic  River  and  con- 
tinued across  the  river  far  into  Canaan  (the  river  being  the 
political  boundary  between  the  two  towns). 

(4.)  Schist  to  the  eastward  of  the  outcropping  limestone  in 
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Canaan  mountain,  and  probably  part  of  that  of  other  eastern 
ridges. 

The  underlying  position  of  the  limestone  was  proved  by  the 
fact  of  universal  eastward  dips  in  the  schist  and  limestone  on 
the  west  side  of  the  various  schist  rideces  and  the  occurrence 
of  westward  dips  along  the  east  side  of  Mt.  Washington,  the 
two  concurrent  facts  proving  that  the  mountain  is  synclinal  in 
structure;  and  also  by  siratigraphical  sections  from  other 
ridges.  In  view  of  this  underlying  position  over  the  whole 
breadth  of  the  region  from  Canaan  mountain  to  Winchell  moun- 
tain, and  the  actual  continuity  of  the  limestone  over  Salisbury 
and  Canaan,  and  over  the  adjoining  towns  north  in  Massachu- 
setts, it  was  concluded  that  the  limestone,  with  sortie  intercala- 
tions of  schist,  was  one  continuous  stratum  or  formation.  By 
similar  evidence  it  was  shown  that  the  overlying  schist  be- 
longed to  one  continuous  stratum. 

I  have  given  no  descriptions  of  the  iron-ore  deposits  along  i 

the  marginal  portions  of  the  limestone  areas  because  they  are  1 

of  secondary  origin.  But  it  is  to  be  noted  that  if  the  view  of 
their  origin  which  I  believe  to  be  sustained  by  the  facts*  is 
correct,  they  prove  that  during  the  transition  from  the  making 
of  the  limestone  to  that  of  earthy  sedimentary  deposition  there 
were  in  some  parts  conditions  favorable  to  ferriferous  deposi- 
tions over  the  calcareous  sediment ;  in  other  words,  there  were 
great  sea-border  marshes  or  basins  to  receive  contributions 
from  iron-bearing  waters.  These  depositions,  however,  were 
local,  as  such  always  are,  and  are  very  far  from  indicating  the 
presence  of  a  universal  stratum  of  more  or  less  ferriferous 
limestone  (with  some  included  iron  carbonate)  adjoining  the 
stratum  or  strata  of  schist  Yet  it  is  true  that  the  adjoining 
portion  of  the  limestone,  sometimes  for  scores  of  feet  in  thick- 
ness, is  ffenerally  very  impure  from  mixture  with  the  materials 
of  the  schist 

The  several  ore-pits  are  designated  on  the  map  by  letters ;  I 
give  here  their  names,  adding  an  asterisk  to  those  that  were 
worked  in  1884. 

In  Salisbury:  b,  Ore-Hill*;  c,  Chatfield*;  d.  Porter;  c, 
Forbes* ;  /,  Clarke's ;  ^,  a  partial  opening ;  A,  Scoville's,  the  ore 
mostly  manganese  oxide,  and  accompanied  sparingly  by  the  min- 
eral Scovillite;  i,  Camp's.  In  Sheffield:  J,  Little's.  In  New 
York :  k^  Copake*,  or  Miles's ;  ^,  Weed's* ;  m.  Couch ;  n,  Mt 
Riga*,  or  Cheaver ;  o  (in  Ancram),  Reynolds ;  a,  Millerton  or 
Maltby.* 

We  have  now  to  consider  the  variations  in  degree  ofmetamor- 
phism,  and  in  mineral  constitution  in  these  two  strata  on 
going  over  the  region  from  west  to  east  and  from  north  to 
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1.  The  Schist  with  the  Quabtzyte. 

The  schist  of  the  region  varies  from  very  fine-grained  thin- 
fissile  glossy  hydromica  (or  sericite)  schist  to  coarsish  mica 
schist  containing  garnets  and  staurolites  ;  and  toward  the  east^ 
to  arenaceous  or  quartzytic  mica  schist  without  staurolite,  and 
mostly  without  garnets.  Each  of  the  rocks  contains  dissem- 
inated magnetite,  and  often  pyrite,  and  sometimes  these  min- 
erals are  in  distinct  crystals.  Minute  brown  or  brownish 
tourmalines  also  are  found  sparingly  in  all  the  kinds. 

The  term  quarizose  or  quartzytic  is  used  beyond  synony- 
mously with  arenaceous,  it  referring  to  the  occurrence  of  quartz 
grains  in  the  schist  and  not  to  vein  quartz.  In  the  hydromica 
and  mica  schist  the  grains  lie  in  small,  thin  or  thick,  interrupted 
layers  between  the  leaves  of  the  schist,  as  if  deposited  like  the 
interrupted  laminations  of  sand  in  some  river-valley  clays; 
they  vary  in  length  from  an  inch  to  many  feet,  and  in  thick- 
ness from  y^Tj-th  of  an  inch  and  less,  to  ^  inch  or  more;  they 
are  smallest  in  the  finest  of  the  slate. 

The  facts  mentioned  below  are  from  both  macroscopic  and 
microscopic  examinations. 

A.  Section  through  the  Southern  part  of  Mt  Washington  from 
Winchell  Mountain  to  Canaan  Mountain. 

1.  Mt  Winchell, — At  the  summit  of  Mt.  Winchell  the  rock 
is  thin-fissile  hydromica  (or  sericite)  schist.  It  consists  chiefly 
of  muscovite  mica  in  minute  scales  about  -^^  to  ^^  inch 
across,  and  has  the  fusibility  of  the  mica.  Biotite  mica  is  rare. 
Quartz  grains  are  sparingly  present  in  delicate  interlamina- 
tions,  as  seen  in  a  transverse  section.  Minute  tourmalines 
rather  rare.  Chlorite  not  observed  either  macroscopically  or 
in  the  thin  slices.  At  the  eastern  foot  of  Mt.  Winchell  the 
rock  is  the  same,  but  slightly  coarser  and  often  a  little  crum- 
pled (from  pressure).  Muscovite  scales  are  mostly  -j-J^  to  ^hf 
inch  across;  some  biotite  scales  occur  -^  to  -^  inch  across 
and  generally  grouped. 

2.  West  side  of  Mt.  Washington. — North  of  Millerton — about 
a  mile  east  of  the  base  of  Winchell  mountain — the  rock  is  a 
very  fine-grained  mica  schist,  consisting  chiefly  of  muscovite, 
with  little  chlorite;  muscovite  scales  mostly -jij- to  tj-J-^-  inch; 
the  biotite  scales  larger.  Quartz  grains  in  thin  interlamination 
often  making  up  a  fourth  or  more  of  the  thickness.  Garnets 
are  few  and  small,  or  absent ;  orthoclase  feldspar  is  found  in 
occasional  grains;  staurolites  are  absent 

3.  Ea^t  side  of  Mt  Washington^  in  Salisbury. — The  schist  is  a 
coarsish  muscovite  mica  schist  with  some  biotite  and  usually 
no  chlorite ;  muscovite  scales  about  yJtt  *^  it  ^"c'^j  ^^^  biotite 
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-j^  to  J  inch.  Interlaminations  of  quartz  generally  make  more 
than  a  fourth  of  the  thickness.  Garnets  are  abundant,  -^  ^-o  \ 
inch.  Staurolite  crystals  abundant  in  some  portions,  \  ^JO  \ 
inch  long  and  less.  Orthoclase  sparingly  present.  Minute 
tourmalines  of  occasional  occurrence  both  in  the  quartz  scf^ms 
and  the  micaceous  portion. 

4.  Three  miles  east  of  ML  Washington  on  the  eastern  border  of 
Salisbury. — The  schist  is  similar  to  the  preceding  but  some- 
what coarser;  muscovite  scales -j^^  inch  and  less;  biotite  more 
common  than  in  the  Mt.  Washington  schist  Interlaminations 
of  quartz  often  make  half  the  thickness  of  the  schist.  Garnets 
abundant  and  staurolites  common  in  many  layers,  J  to  f  inch 
long,  mostly  4  inch. 

5.  East  of  the  Housaionic  (and  of  Salisbury)  in  Canaan. — The 
schist  is  partly  normal  mica  schist,  but  generally  a  very 
arenaceous  or  auartzytic  mica  schist,  the  quartz  Jths  to  -j^ths 
and  more  of  the  material;  the  mica  mostly  biotite,  but  in 
some  small  portions  muscovite  predominates.  Garnets  are  few 
and  small,  or  absent. 

Quartzyte  in  strata  occurs  with  the  schist,  both  the  fragile 
bedded  kind  and  the  hard  massive.  It  consists  of  quartz 
grains  with  some  orthoclase  and  microcline,  often  some  mica, 
not  unfrequently  minute  tourmalines. 

The  schist  and  quartzyte  contain  no  staurolites.  This  fact  com- 
ports with  the  constitution  of  this  mineral,  which  ordinarily 
contains  less  than  31  per  cent  of  silica  and  over  48  of  alumina. 

Going  farther  east  in  Canaan  mountain  the  schist  changes  to 
a  normal  mica  schist 

B.  Section  through  the  northern  part  of  ML    Washington  from 
Cbpake  through  Sheffield  commencing  at  the  west. 

1.  In  Copake,  New  York. — The  schist  of  the  small  ridges 
north  of  Winchell  Mountain  is  a  very  thin  fissile  hyd'romica 
(or  sericite)  schist,  like  the  Winchell  slate,  but  of  finer  grain; 
looks  like  a  smooth,  glgssy  roofing  slate.     Contains  no  garnets. 

2.  West  side  of  Mount  Washington^  near  Co  pake  Furnace. — 
The  rock  is  a  greenish  or  chloritic  hydromica  schist,  with  also 
mica  schist     It  is  sparingly  garnetiferous;  without  staurolites. 

3.  East  side  of  Mount  Washington  in  Sheffield. — The  schist  is 
like  that  on  the  west  side,  but  it  is  coarser,  and  a  larger  part  is 
true  mica  schist  It  contains  garnets,  but  no  staurolites  were 
found.     Minute  tourmalines  occur  in  it 

4.  Three  miles  east  of  ML  Washington  near  the  village  of  Shef- 
field, west  of  the  Housatonic. — The  schist  is  a  coarsish  mica 
schist,  garnetiferous,  and  containing  small  staurolites.     It  re- 
sembles the  schist  of  the  southern  part  of  the  east  side  of  Mt 
Washington  in  its  degree  of  fineness  and  in  its  staurolites,  and 
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is  less  coarse  than  that  directly  sontfa  in  Salisbury,  near  Lime- 
rock  Station. 

6.  East  of  Sheffield  village,  and  of  the  Housatonic  River. — ^The 
schist  is  the  same  arenaceous  mica  schist  that  occurs  to  the 
south  in  Canaan,  and,  as  there,  it  alternates  with,  and  often 
graduates  into  a  great  formation  of  quartzyte.  North  of  Shef- 
field village,  west  of  the  Housatonic,  the  same  quartzyte,  partly 
micaceous,  constitutes  the  south  end  of  a  ridge  that  extends 
north  into  Great  Barrington. 

C.  OoncliLsion. 

The  facts  here  reviewed  relate,  it  should  be  remembered,  to 
a  single  stratum,  that  overlying  the  limestone.  Since  the 
change  from  west  to  east  is  so  strongly  marked  even  in  Mt. 
Washington,  only  five  miles  broad,  and  in  one  and  the  same 
lower  portion  of  the  schist,  or  that  directly  over  the  limestone, 
the  facts  have  special  interest 

The  change  is  of  two  kinds — (1)  a  change  in  degree  of  meta- 
morphism  ;  (2)  a  change  in  mineral  constitution, 

(1)  An  increase  eastward  in  intensity  of  metamorphic  action. 
This  is  manifested — 

(a)  In  the  gradual  increase  in  size  of  the  scales  of  mica ;  (6) 
in  tne  change  from  hydrous  mica  to  ordinary  mica  in  the  Mt. 
Washington  schists,  and  in  the  occurrence  of  the  latter  alone 
east  of  Mt  Washington ;  (c)  in  the  absence  of  chlorite  (another 
hydrous  mineral)  from  the  southern  half  of  eastern  Mt  Wash- 
ington and  its  absence  from  the  schist  of  ridges  farther  east; 
{d)  in  the  increasing  size  of  the  garnets  and  staurolites  on  go- 
ing eastward  over  Salisbury. 

(2)  The  change  in  mineral  constitution,  beyond  what  has  been 
stated  in  the  preceding  paragraph,  is  as  follows: 

a.  Biotite  mica,  which  is  very  sparingly  present  in  the 
Winchell  slates,  increases  in  amount  in  eastern  Salisbury,  and 
is  much  the  most  common  kind  in  the  arenaceous  schists  to  the 
eastward. 

b.  Granular  quartz,  which  is  very  sparingly  present  in  the 
Winchell  slates,  gradually  increases  in  amount  eastward,  is 
rather  abundant  in  the  southern  part  of  eastern  Mt  Washing- 
ton, and  still  more  so  in  eastern  Salisbury ;  and  east  of  the 
Housatonic  for  a  breadth  of  two  miles  or  more  it  is  the  pre- 
ponderating constituent  in  the  mica  schist  and  composes  quartz- 
yte strata. 

c.  Tourmaline  in  minute  crystals  is  sparingly  present  in  the 
western  schists  and  much  less  sparingly  in  the  quartzyte  and 
quartzytic  mica  schist  to  the  eastward. 

d.  Garnets,  which  are  not  present  in  the  Winchell  slates, 
Am.  Joub.  Sol— Third  Semes,  Vol.  XXIX,  No.  174.— June,  1886. 
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occur  very  small  in  western  Mt.  Washington,  and  increase  in 
abundance  and  size  to  the  Housatonic ;  but  are  few  and  small 
in  the  arenaceous  schist  east  of  the  Hoosatonia 

e.  Staurolites  occur  of  very  small  size  in  the  southern  half 
of  eastern  Mt  Washington,  and  are,  on  an  average,  twice 
longer  in  eastern  Salisbury.  In  the  northern  half  of  Mt 
Washington,  staurolites  have  not  been  found,  but  they  occur 
in  the  coarsish  mica  schist  three  miles  farther  east  (This  in- 
terval of  three  miles  is  occupied  by  limestone  so  that  no  nearer 
observation  is  possible.) 

/.  Orthoclase  is  very  sparingly  present  in  the  hydromica 
(or  sericiie)  schist  to  the  west;  but  is  less  rare  in  the  mica 
schist  west  of  the  Housatonic,  and  still  less  so  in  part  of  the 
quartzytic  mica  schist  east  of  the  Housatonic ;  in  some  of  it, 
the  feldspar  is  partly  the  species  microclioa 

Looking  at  the  consiiPution  of  the  minerals,  we  learn  that  to 
the  west  of  the  area  of  Mt.  Washington  the  sediments  of 
which  the  rock  is  made  were  very  fine  earthy,  containing  little 
quartz ;  that  the  amount  of  quartz  sand  in  the  sediments  in- 
creased to  the  eastward ;  and  that  toward  the  eastern  limit  of 
the  region,  sand  was  the  chief  material.  The  occurrence  of 
arenaceous  mica  schist  overlying,  underlying  and  interlaminat- 
ing  quartzyte  beds  indicates  a  small  change  at  intervals  in  the 
kinds  of  depositions  such  as  may  have  come  from  changing 
depths  or  currenta 

All  the  facts  derived  from  the  constitution  of  the  rocks  point 
to  a  single  system  of  hydrographic  conditions  and  sedimenta- 
tion  ;  and  none  suggest  the  subsequent  occurrence  of  great  dis- 

Elacements  by  long  overthrusts  any  more  than  those  that  have 
een  gathered  from  the  stratigraphy.     The  lithological  obser- 
vations accord  with  the  stratigraphical. 

The  stratification  described  is  true  stratification  and  not  that 
of  a  subsequently  induced  cleavage-structure ;  for  the  beds  of 
mica  schist,  quartzyte  and  limestone  are  parallel  in  interlamina- 
tions  and  interstratifications.  Cleavage  structure  is  a  common 
source  of  lamination 'in  the  hydromica  (sericite)  slates  west  of 
Mt  Washington ;  and  hence  the  true  planes  of  bedding  can 
there  be  learned  only  from  the  contact  portions  of  the  lime- 
stone and  slates;  but  it  is  much  less  common  farther  east;  and 
the  danger  of  error  has  been  avoided  in  the  observations  I  have 
made  by  taking  them  at  or  near  the  contacts  of  the  different 
strata  or  rocks. 

The  variations  geographically  from  arenaceous  to  fine  earthy 
beds  are  just  such  as  are  common  among  the  non-crystalline 
strata  farther  west,  and  just  such  as  belong  to  modern  deposi- 
tions over  a  region  of  emerging  coasts  or  flats  with  an  adjoin- 
ing shelving  bottom  for  a  score  of  miles  or  so  outside.  In  this 
part  of  the  Taconic  region,  the  shelving  bottom  was  to  the 
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west  of  the  emerging  flats — how  far  west  it  extended  it  is  not 
yet  safe  to  say ; — while  to  the  east  and  south  there  were,  as  I 
have  already  explained,  isolated  areas  of  emerged  or  submerged 
Archaean  rocks,  and,  adjoining  them,  in  some  places,  uncon- 
formably  overlying  sandstone  (now  quartzyte)  which  is  proba- 
bly of  rriraordial  age. 

The  gradation  in  metamorphisrii  does  not  vary  with  the 
amount  of  flexure  in  the  beds,  in  this  part  of  the  Taconic 
region,  but  has  depended  on  some  more  comprehensive  action 
of  this  or  some  other  cause. 

2.  Limestones. 

The  above  conclusion  as  to  increasing  grade  in  metamorphism 
from  west  to  east  is  sustained  by  facts  from  the  limestone  of 
the  reofion  that  were  long  since  made  known  by  Dewey  and 
Emmons  and  have  been  confirmed  by  all  observers.  While  all 
is  crystalline,  the  rock  west  of  Mt.  Washington  is  fine-grained 
and  often  gray  in  color ;  that  in  Salisbury  and  SheflSeld  is  a 
little  coarser,  ranging  from  grav  to  white,  the  latter  much  pre- 
dominating ;  and  in  Canaan  and  to  the  north,  east  of  the  Hous- 
atonic,  it  is  mostly  a  coarse  marble  and  much  of  it  abounds  in 
tremolite,  and  often  also  in  large  crystallizations  of  white 
pyroxene.  The  latter  mineral  sometimes  appears  as  a  rock, 
called  canaanite,  in  the  upper  part  of  the  limestona  The 
tremolite  and  white  pyroxene  of  the  limestone,  which  are 
among  the  results  of  the  metamorphic  action  that  crystallized 
the  limestone,  occur  to  the  eastward  where  the  overlying  beds 
are  especially  arenaceous ;  and  their  silica,  as  I  have  long  since 
explained,  may  have  been  derived  from  the  silica  originally  in 
the  limestone  as  an  impurity.  The  limestone  is  carbonate  of 
calcium  and  magnesium  ;  and  tremolite  and  pyroxene  are  sili- 
cates (or  rather  bisilicates)  of  calcium  and  magnesium.* 

The  gradation  in  metamorphism  from  north  to  south,  which 
the  preceding  remarks  have  partly  illustrated,  I  leave  without 
review  at  this  time,  as  the  subject  will  be  better  explained  after 
the  facts  relating  to  the  rest  of  Berkshire  have  been  presented. 

*  In  a  paper  in  this  Journal  for  1844  (zlvii,  135)  and  again  in  1846  (IT,  ii,  88)  I 
point  out  the  fact  that  the  silicates,  as  well  as  phosphates,  in  crystallized  lime- 
stones may  have  derived  their  ingredients  from  the  impurities  of  the  original 
limestODO,  though  not  excludiug  the  possibility  of  an  accession  of  silica  and  alka- 
lies sometimes  from  outside  siliceous  waters.  In  my  Manual  of  Geology,  edition 
of  1 863  (the  first)  and  later,  I  make  the  impurities  of  a  limestone  the  source 
through  metamorphism,  of  ''  its  crystalline  minerals  such  as  gamely  idocraae,  pyroz- 
ene,  scapolite,  mica^  sphene^  chandrodite,  apatite^  etc."  My  statements  in  an 
article  on  the  limestone  of  Westchester  County  in  this  Journal  for  1880  (zz, 
28)  appear  to  have  led  astray  Messrs.  King  and  Rowney  in  ^*  An  Old  Chapter  of 
the  (geological  Record,"  pp.  42,  59.  I  speak  of  the  tremolite  and  white  pyrozene 
as  a  result  of  the  action  of  hot  silicated  solutions  on  a  magnesian  limestone ;  but 
my  opinion  was  then  the  same  as  stated  in  my  Geology — that  the  hot  silicate  soln- 
tions  were  made  within  the  limestone  by  the  action  of  heat  on  the  moisture 
and  silica  present  as  impurity. 
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Art.  LVI. — Notes  on  the  possible  age  of  some  of  the  Mesozoic 
rocks  of  the  Queen  CharloUe  Islands  and  British  Columbia  ; 
by  J.  F.  Whiteaves. 

As  far  back  as  the  year  1869,  Mr.  W.  Gabb  expressed  the 
opinion  that  the  Californian  rocks,  to  which  he  gave  the  provis- 
ional name  of  the  "Shasta  Group,"  were  probably  the  equiva- 
lents of  the  Gault  and  Neocomian  of  Europe,  and  this  view  was 
endorsed  by  Prof.  J.  D.  Whitney.  On  behalf  of  the  Canadian 
Survey  Mr.  J.  Richardson  visited  the  Queen  Charlotte  Islands 
in  1872,  and  made  a  small  but  interesting  collection  of  fossils 
from  the  coal-bearing  deposits  of  Skidegate  Inlet.  Among  the 
species  recognized  at  this  locality  were  Ammonites  Brewert.  A. 
Stoliczkanus  and  Aucella  Piochii  of  Gabb,  of  the  Shasta  group 
of  California,  dXso  Ammonites  Timotheanus  Mayor,  and  Inocera- 
mus  concentricus^  of  the  European  Gault,  but  associated  with 
these  were  several  new  Ammonites  which  appeared  to  have 
rather  a  Jurassic  facies.  The  conclusion  reached  on  this  rather 
meagre  and  unsatisfactory  evidence  was  that  the  rocks  border- 
ing Skidegate  Inlet  could  scarcely  be  much  older  than  the 
Upper  Jurassic  or  much  newer  than  the  Middle  Cretaceous. 

Four  years  later  Dr.  G.  M.  Dawson  obtained  a  small  series  of 
fossils  from  the  bedded  volcanic  rocks  at  the  Iltasyouco  River 
and  Sigutlat  Lake,  in  the  Coast  Range  of  British  Columbia. 
Having  then  no  reason  to  doubt  the  correctness  of  Mr.  Meek's 
conclusion  that  certain  rocks  in  the  Black  Hills  of  Dakota  were 
of  Jurassic  age,  the  writer  of  the  present  article  at  once  assumed 
that  the  Iltasyouco  and  Sigutlat  fossiliferous  strata  were  also 
Jurassic,  on  account  of  their  holding  such  fossils  as  Oryphcea 
Nebrascensis,  Volsella  formosa^  Astarie  Packardi^  Pkuromya  svb- 
compressaj  and  the  like. 

The  exact  age  of  the  "  Aucella  schists  "  of  Russia,  Siberia, 
etc.,  has  been  the  subject  of  much  discussion,  and  European 
geologists  are  still  at  issue  on  this  point  D'Orbigny,  in  1846, 
places  them  in  the  "Oxfordien"  division  of  the  Jurassic. 
Trautschold  (1864  and  1866)  claimed  that  they  are  about  the 
age  of  the  Kimmeridge  Clay,  but  later  (in  1875)  placed  them  at 
the  extreme  summit  of  the  Jurassic  system,  in  the  Tithonic 
Group  of  Oppel,  and  this  latter  view  is  also  maintained  by 
Rudolph  Ludwig.  Ever  since  1867,  however,  Eichwald  has 
strenuously  argued  that  they  are  Necomian,  and  in  the  only 
geological  section  of  these  rocks  which  the  present  writer  has 
seen,  the  Atu:eUa  schists  are  represented  as  immediately  and 
conformably  overlying  the  Kimmeridge  Clay,  as  the  Gault  does 
at  Culham  in  Berkshire  (England),  a  circumstance  which  many 
of  those  who  attended  the  late  Prof.  Phillips's  geology  class  at 
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Oxford  will  remember.  Since  1875,  deposits  holding  large 
numbers  of  Aucella  Piochii  Gabb  (which  can  scarcely  be  dis- 
tinguished from  the  A.  Mosquensis  of  Europe),  with  a  few  other 
fossils,  have  been  discovered  by  members  of  the  Canadian  Sur- 
vey at  several  localities  on  the  west  coast  of  British  Columbia, 
on  Vancouver  Island  at  Forward  Inlet,  and  in  the  valley  of  the 
Peace  River.  In  a  paper  "  On  the  Lower  Cretaceous  rocks  of 
British  Columbia"  published  in  the  first  volume  of  the  Transac- 
tions of  the  Royal  Society  of  Canada,  the  writer  expressed  the 
opinion  that  those  deposits  in  California  and  British  Columbia, 
which  are  characterized  by  the  presence  of  Belemnites  impressus^ 
Ancyloceras  percostatus  and  more  especiallv  by  an  abundance  of 
Aiu:eUcej  represent  the  lower  half  of  the  Shasta  Group  and  are 
the  equivalents  of  the  Upper  Neocomian  of  Europe. 

In  1878  Dr.  G.  M.  Dawson,  accompanied  by  his  brother, 
visited  the  Queen  Charlotte  Islands  and  devoted  the  whole  sea- 
son to  an  examination  of  their  geological  features.  From  his 
detailed  report  upon  these  islands,  which  was  published  in 
1879,  it  appears  that  the  central  portion,  which  includes  both 
shores  of  Skidegate  and  Cumshewa  Inlets,  is  occupied  by  strata 
which  there  is  now  every  reason  to  believe  are  of  Cretaceous 
age.  In  descending  order  the  section  of  these  Cretaceous  rocks 
given  by  Dr.  Qawson  is  as  follows.  No.  1.  The  Upper  Shales ; 
these  have  so  far  yielded  only  several  specimens  of  Inoceramus 
problematicus^  and  are  therefore  supposed  to  represent  the  base 
of  the  Upper  Cretaceous.  No.  2.  Coarse  Conglomerates ;  these 
have  as  yet  afforded  no  fossils  that  can  be  identified,  but  from 
their  position  may  be  assumed  to  be  the  equivalents  of  the 
Dakota  Group.  No.  8.  The  Lower  Shales ;  with  coal  and  iron 
ore  and  an  abundance  of  fossils,  of  which  upwards  of  seventy 
species  have  now  been  described.  No.  4.  Agglomerates,  with 
a  few  very  indistinct  fossils,  and  No.  5.  The  Lower  Sand- 
stones; these  two,  from  their  faunal  relations,  are  believed  to  be 
only  minor  subdivisions  of  No.  3. 

The  Lower  Shales,  or  sub-division  8  of  Dr.  Dawson's  report, 
contain  a  very  rich  and  varied  fauna  quite  unlike  that  of  any 
other  Cretaceous  deposits  heretofore  recognized  in  North  Amer- 
ica. These  shales,  which  the  writer  has  elsewhere  ventured  to 
designate  '*  The  Queen  Charlotte  Island  Series,"  are  believed  to 
represent  the  upper  part  of  the  Shasta  Group  of  California  and 
the  Gault  of  Europe.  Among  the  fossils  which  they  hold  in 
common  with  the  Shasta  Group  are  Hdploceras  Breweri^  Lyto- 
ceras  Bateai,  Hoplites  (?)  StoUcz/canus^  and  Ancyloceras  R&mondu 
They  have  yielded  such  charcteristic  Gault  species  as  Schloen- 
bachia  injlata^  Haphcerds  Beudanli,  planulatum  and  Timothea- 
nurrij  Lytoceras  Sacya  and  Tlietia  major^  var.,  often  in  large  num- 
bers, also  an  abundance  of  Inoceramus  concentricus  and  Actino- 
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cerarmis  sulcatics.  As  might  bave  been  expected,  out  of  the 
seventy  or  more  species  which  they  contain,  a  few  range  up- 
ward into  the  Chico  Group  of  the  Upper  Cretaceous,  and  at 
least  three  into  the  lower  division  of  the  Shasta  Group,  which 
for  that  reason  is  supposed  to  represent  the  Upper  rather  than 
the  Lower  Neocomian.     But,  associated  with  what  appear  to  be 

Surely  Cretaceous  types,  the  Lower  shales  of  Skidegate  and 
umshewa  Inlets  hold  also  at  least  four  or  five  new  species  of 
Ammonites  which  have  recently  been  described  from  unusually 
perfect  and  well  preserved  specimens,  and  which  seem  to  belong 
to  genera,  to  sections  of  genera,  or  to  species,  which  in  Europe 
would  be  regarded  as  exclusively  Jurassic  in  their  character. 

Moreover  it  is  now  quite  clear  that  the  fauna  of  the  Iltas- 
youco  River  and  Sigutlat  Lake  rocks,  which  the  writer  at  first 
regarded  as  of  Jurassic  age,  is  essentially  the  same  as  that  of 
the  Lower  shales  of  Skidegate  and  Cumshewa  inlets.  In  the 
coal-bearing  strata  of  the  Queen  Charlotte  Islands  and  in  the 
volcanic  rocks  of  the  Coast  Range  of  British  Columbia,  associ- 
ated with  characteristic  Cretaceous  invertebrates,  about  a  dozen 
species  of  fossil  mollusca  have  been  collected,  which  the  pres- 
ent writer,  after  long  and  careful  study,  has  been  unable  to 
separate  specifically  from  fossils  which  Meek  and  Dr.  White 
have  described  as  Jurassic.  A  similar  apparent  mixture  of 
"  Jurassic"  and  Cretaceous  fossils  occurs  in  rocks  immediately 
overlying  the  Alpine  Trias,  on  the  Peace  River. 

Judging  exclusively  by  the  invertebrate  fossils  which  they 
contain  and  by  the  stratigraphical  position  which  they  are  said 
to  occupy,  the  writer,  in  a  recently  published  report,*  has  given 
at  some  length  his  reasons  for  thinking  that  the  Jurassic  age  of 
certain  strata  in  Dakota,  Montana,  etc.,  is  not  yet  conclusively 
proved.  The  evidence  aflbrded  by  the  vertebrates  of  these  rocks 
IS  quite  another  question  and  one  which  has  to  be  considered  on 
its  own  merits.  This  aspect  of  the  case  has  not  been  discussed 
at  all  in  the  report  referred  to,  for  the  simple  reason  that  there 
is  not  a  vestige  of  a  vertebrate,  not  even  a  fish  scale,  in  the  col- 
lection reported  on. 

In  a  paper  *^  On  the  Jurassic  Strata  of  North  America,"  pub- 
lished  in  the  March  number  of  this  Journal,  Dr.  C.  A.  White 
objects  to  the  present  writer's  suggestion  that  some  of  the  sup- 
posed Jurassic  rocks  of  the  Western  States  may  possibly  be  of 
Middle  Cretaceous  age,  and  to  the  identification  oi  a  few  fossil 
mollusca  upon  which  this  suggestion  was  based. 

Dr.  White's  long  experience  as  a  paleontologist  and  his  ex- 
tensive knowledge  of  the  fossil  invertebrates  of  the  United 

*  Mesozoic  Fossils,  vol.  i,  Part  3 ;  On  the  Fossils  of  the  Coal-Bearing  Deposits 
of  the  Queen  Charlotte  Islands,  collected  by  Dr.  G.  }L  Dawson  in  1878.  Mon- 
treal, 1884. 
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States  and  Territories  entitle  any  views  he  may  express  on  such 
sabjects  to  the  fullest  consideration,  and  his  intimate  acquaint- 
ance with  and  ready  access  to  Meek's  types  from  the  Black 
Hills  are  unquestionably  a  great  advantage.  Unfortunately, 
however,  Dr.  White  could  only  spare  part  of  a  single  day  for 
the  examination  of  the  large  series  of  Mesozoic  and  Laramie 
fossils  in  the  Museum  of  the  Canadian  Survey  at  Ottawa,  and 
only  a  few  minutes  each  to  a  study  of  those  species  whose  iden- 
tification he  objects  to. 

To  the  general  statements  made  at  the  commencement  of  Dr. 
White's  paper  no  special  exception  need  be  taken  here  except 
perhaps  on  the  ground  of  their  want  of  novelty.  They  are,  in 
effect,  a  r6sum6  of  that  part  of  Clarence  King's  volume  on  the 
"Systematic  Geology"  of  the  United  States  Exploration  of  the 
40th  Parallel  which  treats  of  the  Jurassic  rocks.  In  that  vol- 
ume, however.  Prof.  King  distinctly  states  that  the  Dakota  and 
"Jurassic"  rocks  are  conformable  in  the  Wahsalch  Eegion, 
also  that  according  to  Meek,  Hall  and  Whitfield,  the  "Juras- 
sic" fossils  from  the  east  base  of  Augusta  Mountain  have  "a 
Cretaceous  and  even  an  Eocene  look." 

To  Dr.  White's  presentation  of  the  statements  and  arguments 
on  the  other  side  of  the  question  the  writer  begs  respectfully  to 
demur. 

Dr.  White  says  that  in  the  memoir  which  he  criticizes  the 
author  thereof  "  describes  and  figures  some  fossils"  .  .  .  , 
which  are  "  reported  to  come  from  certain  strata,"  etc.,  thereby 
leading  any  reader  who  is  ignorant  of  the  facts  to  suppose  that 
the  number  of  specimens  is  small  and  that  it  is  not  altogether 
certain  where  they  came  from.  Not  counting  the  fossils  pre- 
viously brought  back  by  Mr.  Richardson,  Dr.  G.  M.  Dawson's 
collection  alone  consists  of  upwards  of  one  thousand  specimens, 
every  one  of  which  is  labeled  not  only  with  its  exact  locality 
but  also  with  the  precise  subdivision  of  the  series  in  which  it 
was  found. 

Out  of  the  twelve  forms  collected  by  Dr.  Dawson  which  the 
writer  has  referred  to  North  American  "  Jurassic  "  species,  Dr. 
White  objects  to  the  identification  of  nine,  and  with  regard 
to  these  the  following  remarks  are  submitted  : 

1.  Belemniies  densus  Meek  and  Hayden,  The  specimens  de- 
scribed by  Mr.  Meek  under  this  name  are  represented  as  being 
short  and  thick  or  long  and  slender,  as  having  an  apical  groove, 
a  median  groove  or  no  groove  at  all.  Dr.  White  says  that 
"Mr.  Whiteaves'  collection  contains  only  one  specimen  which 
he  refers  to  this  species,"  whereas  there  are  two  of  the  short  and 
thick  form,  seven  of  the  long  and  slender  variety  (to  which  in 
accordance  with  a  suggestion  of  Mr.  Meek's,  the  writer  gave  a 
local  and  provisional  name)  and  several  large  phragmocones. 
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Moreover  this  series  was  directly  compared  with  authentic 
specimens  of  B,  densus  from  Dakota,  received  from  Mr.  Meek, 
and  it  was  found  necessary  to  mark  all  the  fossils  from  the 
two  localities  as  it  would  otherwise  have  been  impossible  to 
separate  them. 

2.  Lyosoma  Powelli  White.  The  fact  that  the  writer  gave  a 
different  generic  and  specific  name  to  Vanikoro  pvichella  is  a 
sufficient  indication  that  the  analogy  between  it  and  L.  Powelli 
was  supposed  to  be  more  remote  than  that  which  is  supposed  to 
obtain  in  any  of  the  other  instances  cited. 

3.  Pleurornya  subcompressa  Meek.  The  type  of  this  species 
was  figured  by  Meek  in  1873,  and  since  then  Dr.  White  has 
illustrated  three  well  marked  varieties  of  it  Specimens  which 
agree  perfectly  with  the  descriptions  and  figures  of  three  out  of 
these  four  forms  have  been  collected  at  the  Queen  Charlotte 
Islands,  and  two  at  the  Iltasyouco  Biver  and  Sigutlat  Lake. 

4.  Astarte  Packardi  Vihiie,  Dr.  White  admits  that,  as  far 
as  external  shape  and  surface  markings  are  concerned,  it  is 
scarcely  practicable  to  separate  the  British  Columbia  and 
Queen  Charlotte  Island  specimens  from  this  species,  but  says 
that  the  hinge  and  interior  markings  of  the  type  of  A.  Packardi 
are  unknown.  In  this  genus,  as  every  experienced  malacolo- 
gist  is  aware,  the  interior  of  the  valves  affords  a  certain  indica- 
tion of  its  generic  relations  but  is  of  very  little  assistance  in  the 
determination  of  species. 

5.  Orammatodon  inornatus  Meek  and  Hayden.  Dr.  White 
says  that  "  Mr.  Whiteaves'  specimens  do  not  show  the  hinge.*' 
This  is  quite  correct  as  regards  the  fossils  from  the  Queen  Char- 
lotte Islands,  but  one  of  the  specimens  from  the  Iltasyouco 
River  shows  the  impression  of  two  short  posterior  lateral  teeth 
parallel  to  the  hinge  line,  just  as  in  Meek's  figure  of  0.  inornatus 
on  plate  8,  fig.  9b,  of  the  "  Palaeontology  of  the  Upper  Mis- 
souri." 

6.  Modiola  ( VolseUa)  subimbricata  Meek.  The  specimens  from 
the  Queen  Charlotte  Islands  referred  to  this  species,  though 
somewhat  distorted,  are  nearly  perfect  single  valves.  Dr. 
White  does  not  comment  at  all  on  the  real  or  supposed  identi- 
fication of  a  Sigutlat  Lake  specimen  with  the  Modiola  (or  Vol- 
sella)formosa  of  Meek  and  Hayden,  one  of  the  strongest  points 
in  the  writer's  view  of  the  case.  At  the  Iltasyouco  Kiver,  too^ 
specimens  have  been  found  which  are  very  difficult  to  distin- 
guish from  Modiola  plaiynoia  White. 

7.  Pteria  {Oxytoma)  mucronaia  Meek  and  Hayden.  Of  this 
the  writer  is  said  to  have  only  one  imperfect  valve  and  Dr. 
White  adds  ''that  the  most  that  can  be  said  of  it  is  that  it 
apparently  indicates  a  form  which  is  much  like  the  P.  (0.) 
mucronaia  of  Meek  and  Hayden."    In  answer  to  this  statement 
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it  may  be  observed  that  while  only  one  imperfect  valve  was 
collected  in  Alliford  Bay,  yet  several  perfect  specimens  of  both 
valves  were  obtained  at  Maud  Islana.  In  the  writer's  judg- 
ment the  least  that  can  be  said  of  the  whole  of  the  specimens 
collected  by  Dr.  Dawson  is  that  they  agree  perfectly  with 
Meek's  description  and  figure  of  Pteria  or  Oxytoma  mucronata. 

8.  Camptonecies  exienuatus  Meek  and  Hayden.  The  lower 
valve  of  a  small  Pecten  from  Maud  Island  which  was  some- 
what doubtfully  identified  with  this  species  is  quite  perfect  in 
marginal  outline,  has  most  of  the  test  preserved,  with  its  char- 
acteristic sculpture,  and  shows  the  shape  of  both  ears.  An 
upper  valve,  from  the  Iltasyouco  River,  corresponds  remarkably 
well  with  Meek's  figure  of  the  type  of  0.  exienuatus. 

9.  Oryphaea  NArascensia  Meek  and  Hayden.  Dr.  White 
says  that  the  specimens,  regarded  by  the  writer  as  probably 
identical  with  this  species,  are  more  like  Oryphaea  navta  Con- 
rad. The  irregular,  radiating  strias  on  the  umbonal  region 
which  are  characteristic  of  O,  Nebrascensis,  and  which  are  well 
seen  on  specimens  from  the  Queen  Charlotte  Islands  and  from 
the  Iltasyouco  River,  are  altogether  absent  in  Q,  navia^  which 
latter  shell  has  also  a  narrowly  subtrigonal  outline  with  angii- 
lated  beaks  and  a  sharp  umbonal  ridge,  a  combination  of  char- 
acters which  is  not  seen  in  G,  Nebrascensis^  nor  on  any  of  the 
specimens  collected  by  Dr.  G.  M.  Dawson. 


Art.  LVn. — Crystallized   Tiemanniie  and  Metacinnabartte ; 
by  Samuel  L.  Penfield. 

1.    TiEMANNITE. 

In  October  last.  Professor  J.  E.  Clayton,  president  of  the 
Salt  Lake  Mining  Institute,  sent  to  Prof.  G-.  J.  Brush  a  few 
specimens  containing  crystals  of  a  selenide  of  mercury  which 
were  suitable  both  for  analysis  and  measurement.  The  speci- 
mens were  from  Marysvale,  Southern  Utah,  the  same  locality 
which  aflForded  the  sulpho-selenide  of  mercury,  onofrite,*  de- 
scribed by  Professor  Brush.  A  description  of  the  occurrence 
of  the  mineral,  as  stated  by  Prof.  Clayton,  is  given  at  the  end 
of  this  article,  and  I  take  great  pleasure  in  here  expressing  to 
him  my  thanks  for  calling  our  attention  to  these  most  interest- 
ing crystals. 

The  crystals  are  black,  with  high  metallic  lustre  and  black 
streak ;  hardness  about  3 ;  specific  gravity  taken  twice  on  a 
chemical  balance  8-188-6-187  ;  fracture  conchoidal ;  very 
brittle  and  with  no  apparent  cleavage. 

♦Thifl  Journal,  III,  xxi,  312. 
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A  analysis  was  made  by  decomposing  the  mineral  in  a  cur- 
rent of  chlorine  gas,  precipitating  the  mercury  as  sub-chloride 
by  means  of  phosphorous  acid  and  the  selenium  with  sulphur- 
ous anhydride.  The  results  are  given  below  with  the  deter- 
minations of  small  amounts  of  sulphur,  cadmium  and  insoluble 
residue. 

Batio. 

Se  2919 -369)       .3.  .^^ 

S  -37   .•012f        ^^^  ^"" 

Hg  69-84 -349  1 

Cd  -34 0033       -352  0-92 

InsoL  -06 

99*80 

The  ratio  of  the  selenium  plus  sulphur  to  the  metals  is  1  :  0*93 
or  nearly  1  :  1,  that  required  by  a  normal  selenide,  and  as  the 
impurities  are  present  only  in  very  small  quantities  the  min- 
eral may  be  regarded  as  a  simple  selenide  of  mercury.  The 
analysis  agrees  more  closely  with  the  theoretical  requirements 
than  any  previously  published,  which  may  be  in  consequence  of 
the  greater  purity  of  the  crystallized  material. 

The  crystals  measure  up  to  3°^  in  diameter.  They  are 
isometric,  tetrahedral,  and  the  habit  of  the  few  at  my  disposal 
is  quite  various.  The  plus  and  minus  tetrahedrons  are  usually 
about  equally  developed  and  vary  in  luster;  the  cubic  faces  are 
also  prominent  and  are  at  times  striated  diagonally  parallel  to 

FipT.  1.  Pig.  2. 

St 


their  intersection  with  the  dullest  tetrahedron  and  most  devel- 
oped J(m-m)  forms.  Twins  with  o  as  the  twinning-plane  are 
common.  Taking  the  forms  of  the  most  developed  ^m-m)  as 
positive,  the  observed  forms  are  as  follows:  o  (111,  H-1),  usu- 
ally dull,  o'(Ill,  -1)  lustrous,  a(001,  w"),  w;f511,  H-5-5)  and 
^733,  +|-|).  The  above  forms  were  all  ooserved  on  one 
twin  crystal,  fig.  1,  the  latter  y>,  as  a  very  small  face  but  giving 
distinct  reflections.  The  faces  in  both  halves  of  the  twin  crys- 
tal figured  are  lettered  alike  except  that  those  in  twin  position 
are  underscored.  Twins  on  the  specimens  in  my  possession 
are  more  common  than  single  crystals,  some  of  them  showing 
simply  both  tetrahedrons  and  cube. 
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The  measured  angles  are  the  following,  the  mean  of  closely 
agreeing  results  being  given : 

Observed.    Calculated. 


0   ^   0%   111  ^  111   = 

=  70-  31' 

70^*32' 

a  ^  o',  001  ^   111 

64-45' 

54'*44' 

a  ^  Uy  001  A  115 

15' 45') 

is-so'f 

Sr  10' 

16"48' 

a  ^s   ^,  001  A  33*7 

31^3' 

A  number  of  crystals  have  the  habit  shown  in  fig.  2 ;  only  one 
was  lustrous  enough  to  admit  of  measurement.  The  zone  a,  6, 
c,  etc.,  WBS  very  much  striated  and  distorted  through  oscillatory 
combination,  but  by  turning  the  crystal  so  as  to  catch  the  light 
reflected  from  it,  it  could  be  readily  seen  to  consist  of  several 
distinct  forms.  On  the  reflecting  goniometer  the  signal  was 
reflected  from  the  faces  in  almost  an  unbroken  band ;  a  few  of 
the  most  prominent  reflections,  however,  were  recorded  and 
are  given  below.  The  reflection  from  the  faces  of  a  lamplight 
placed  at  a  distance  across  a  large  room  was  resorted  to,  all  the 
faces  of  like  inclination  reflecting  together  and  yielding  a  sort 
of  '*schimmer  Messung;"  the  results  of  which  although  not 
very  exact  being  suflSciently  so  to  fix  the  symbols  of  the  differ- 
ent forms.  The  measurements  taken  on  both  sides  of,  and 
measured  from,  the  cubic  face  a,  are  given  below. 


h  c  z  u  m  ^ 

Direct  reflection    6"  11'    9''  17'    W  30' 


6' 17'    9'24'     12°  42'     17°  17'  }-right. 

17°  16' 


]' 


o  V-  J  6°  l'3f'     9°  24'     12°  42' 

Schimmer  ;j  e"  26'    9°  49'     12°  58' 

Direct  reflectioD    6°  12'  ) 

Q,. ^,  j6°7'      9°  17'     12°  20'     16°  26'    25°  7'    31°  23'    M®^- 

«cnimmer  ^  go  ^q/    go  g/      ^^o  ^y    jgo  jq/    26°  ) 

Mean  6° 10'    9°  22      12° 27'     16°  47'    26° 3'    31° 23' 

Calculated  for  the  following  forms. 
16'  13'  9°  27'  12°  16'  16°  48'         25°  14' 

^  /  17     17\  /  13     13\ 

<131-1,  + 13-13),  (l''-2-2,  +  y- YJ,  (^13-2.2,  +y-yj,(611,  +  6-6),(311,  +3-3), 

31°  13' 
(733,+i-i). 

The  reflections  from  a)^  m  and  p  were  very  faint,  that  from  p 
being  the  last  trace  of  reflected  light  which  could  be  seen  on 
turning  the  crystal.  The  measurements  agree  quite  well  among 
themselves,  considering  the  method  used,  and  warrant  my  taking 
the  above  symbols  according  to  which  fig.  2  is  drawn.  The 
form  a){611,  +5-5)  shows  the  greatest  variation,  but,  as  it  is  a 
prominent  form  on  the  simpler  and  more  perfect  crystals,  it 
seems  better  to  regard  the  variation  as  due  to  error  in  measure- 
ment than  to  take  the  less  probable  symbol  (922,  +1— |)  with 
calculated  value  l?""  27'.  The  only  other  form  m'(3ll,  -8-8) 
was  quite  large  and  very  strongly  striated  parallel  to  its  combi- 
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nation  edge  with  the  cube.  The  faces  gave  no  reflection  but 
were  measured  by  covering  them  with  glass  plates  and  then 
measuring  on  the  cube.  This  was  repeated  twice  giving 
24°  49',  25°  21',  calculated  25°  14'. 

In  appearance  the  crystals  resemble  very  closely  those  of 
sphalerite  while  the  forms  which  are  common  to  both  ar& 
a{100,i'i),  o(lll,  +1),  o'(lIl,  -1),  tt>(511,  +5-5)  and  m{Sll, 
+3-3). 

2.  Metaoinnabaritb. 

The  specimens  o£  this  mineral  at  my  disposal,  from  the  Red- 
dington  Mine,  Lake  Co.,  California,  were  from  the  collections  of 
Prof.  Gr.  J.  Brush  and  Mr.  C.  S.  Bement  The  mineral  is 
intimately  associated  with  crystallized  cinnabar  and  marcasite. 
Mr.  Gr.  E.  Moore  first  described  this  species*  as  an  amorphous 
black  sulphide  of  mercury,  distinct  in  its  physical  'properties 
from  cinnabar.  He  states  that  specimens  which  he  examined 
from  the  collection  of  Prof.  Brush  showed  small  crystals 
"  whose  habit  is  almost  cubical "  and  *'  betray  in  their  frequent 
re-entrant  angles  a  strong  tendency  to  the  formation  of  twins." 
The  specimens  at  my  disposal  show  crystals  up  to  4°*"  in 
diameter,  they  are  apparently  isometric,  tetrahedral,  but  the 
faces  are  such  that  they  do  not  admit  of  accurate  measurement 
The  habit  of  the  crystals  is  mostly  octahedral  with  the  alternate 
faces  of  the  plus  and  nainus  tetrahedron  varying  in  luster. 
The  faces  are  usually  dull  black  and  rough,  giving  no  reflec- 
tion, or  curved.  Measurements  on  the  tetrahedral  face  could 
not  be  obtained.  The  forms  which  I  have  been  able  to  iden- 
tify are  the  following,  while  the  measured  angles  are  given  in 
the  table  below,  (322,  |-|),  common,  occurring  sometimes 
alone  in  one  set  of  secants,  at  times  truncating  the  edges 
of  an  apparent  octahedron  (plus  and  minus  tetrahedron). 
One  specimen  contained  small  crystals  of  the  form  (211, 
2-2),  in  combination  with  small  and  rough  faces  of  the 
tetrahedron  of  the  opposite  order.  On  one  crystal  the  faces  in 
one  se£  of  secants  were  quite  bright  and  contained  markings 
and  small  faces  indicating  a  {hkl,  m— n)  form;  the  measure- 
ment of  the  two  kinds  of  edges  in  the  secant,  as  far  as  I  was 
able  to  obtain  them,  gave  for  the  values  of  m  and  n  respect- 
ively 1'849  and.  1-233,  perhaps  (975,  |-^),  but  as  the  reflections 
were  not  very  distinct  and  could  not  be  repeated  on  a  second 
crystal  it  seems  useless  to  assume  a  symbol  for  this  form.  The 
cubic  faces  occur  very  seldom  on  the  specimens  examined  by 
me.  Twjns  parallel  to  an  octahedral  plane  are  very  common^ 
often  repeated  as  in  sphalerite. 

*  This  Journal,  III,  iii,  36. 
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The  measared  angles  are  as  follows : 

322  A  32S    86**  34'  ) 

86°  52'  \     86*  38' 

87°  17') 
211  A  112    36°  54'  ) 

33°  24'  V  33*  34' 

33°  16'  ) 

Although  the  crystals  are  poorly  adapted  for  measurement 
their  habit  is  characteristically  isometric  tetrahedral,  and  the 
measarements  as  far  as  made  agree  with  isometric  forms. 
After  seeing  the  specimens  at  my  disposal  it  seems  strange  that 
the  name  "  amorpnous  sulphide  of  mercury  "  should  have  been 
so  long  attached  to  this  mineral. 

After  carefully  cleaning  the  crystals  used  for  measurement 
and  freeing  them  as  far  as  po&sible  from  attached  cinnabar,  the 
specific  gravity  was  taken  with  great  care  on  a  chemical  bal- 
ance, with  7*81  as  the  result.  As  the  three  crystals  weighed 
together  otily  *1684  grams  the  result  can  not  be  regarded  as 
very  accurate,  but  I  thought  it  would  serve  to  compare  with 
the  specific  gravity  of  the  amorphous  sulphide  given  by  Mr. 
Moore  as  from  7-701-7-748. 

The  crystallographic  results  taken  in  connection  with  those 
on  tiemannite,  with  which  the  mineral  stands  in  close  chemical 
relation,  leaves  little  doubt  as  to  the  isomorphism  of  the  two 
minerals,  and  the  isometric  character  of  metacinnabarite,  while 
the  intermediate  chemical  compounds  to  which  the  name 
onofrite  has  been  applied  and  which  are  not  known  in  crystals 
stand  intermediate  between  the  two  in  physical  relations. 

Relation  between  the  selenides  and  sulphides  of  mercury. — As 
the  density  which  I  found  for  the  crystals  of  tiemannite,  viz : 
8'19,  was  greater  than  that  given  by  other  authors  (this  usually 
being  71-7 '4,  Blum  giving  7-8-7-88),  I  thought  it  would  be 
best  to  take  the  density  of  the  material  from  Clausthal,  which 
was  all  that  was  at  my  disposal.  The  material  was  quite  im- 
pure, but  after  taking  the  density  the  volatile  selenide  was 
driven  oflT,  the  density  of  the  residue  taken  and  that  of  the 
pure  material  calculated.  I  also  took  the  density  of  three 
specimens  of  onofrite  from  Utah  ;  in  these  cases,  however,  the 
residue  was  smaller  and  was  regarded  as  having  a  density  of 
2*7.  Undoubtedly  it  was  heavier  and  the  true  density  of  the 
mineral  would  be  correspondingly  lower. 

All  the  densities  which  have  been  found  are  the  following : 

I.  Tiemamiite,  crystallized,  from  Utah 8*19 

n.  Tiemannite,  Clausthal,  after  deducting  16  per  cent  of  impurities    8*473 
TIL  Tienrannite,  Clausthal,  after  deducting  39  per  cent  of  impurities    8*305 

IV.  Onofrite,  TJtah,  after  deducting  1*3  per  cent  of  impurities 7*98 

'  V.  Onofrite,  Utah,  after  deducting  1*6  per  cent  of  impurities 8  09 

"VI.  Onofrite,  Utah,  after  deducting  29  per  cent  of  impurities 8  04 

VIL  Metacinnabarite,  California,  crystallized .     7*81 

i7*70 
7'76 
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It  will  be  seen  that  onofrite  stands,  as  it  shoald,  intermediate 
between  the  selenide  and  sulphide.  No.  IV  of  the  above  list 
was  analyzed  bv  Mr.  Wm.  J.  Comstock*  and  consists  of  137 
per  cent  HgSe  and  86-8  per  cent  HgS.  Calculating  the  den- 
sity of  an  isomorphous  mixture  in  the  above  proportions 
taking  the  density  of  HgSe=8'2  that  of  HgS=7*8  we  obtain 
7*85  as  against  7*98  observed.  Onofrite  is  therefore  physically 
intermediate  between  tiemannite  and  roetacinnabarite,  and  rep- 
resents an  isomorphous  mixture  of  these  two  isometric  mole- 
cules. It  is  strange  that  the  conclusions  arrived  at  by  Prof. 
Brush  in  the  article  ^already  referred  to,  should  have  been  the 
same,  although  he  based  his  conclusions  on  earlier  and  incor- 
rect determinations  of  the  density  of  tiemannite. 

As  to  the  position  which  these  minerals  should  occupy  in  a 
natural  grouping,  it  seems  that  they  would  naturally  come 
into  the  sphalerite  group  with  which  they  have  manv  tfiings  in 
common,  being  simple  selenides  or  sulphides,  with  mercury 
replaced  in  part  by  zmc  or  cadmium,  crystallizing  in  the  isomet- 
ric system,  tetrahedral,  and  with  strong  tendency  to  twinning 
parallel  to  the  octahedron. 

In  closing  I  take  pleasure  in  expressing  my  thanks  to  Prof. 
Brush  and  Mr.  C.  S.  Bement  for  the  material  which  they 
provided  for  carrying  on  this  investigation. 

Note  as  to  the  occurrence  of  Tiemannite;  by  Prof.  J.  E.  Clay- 
ton. Communicated  by  letter  to  Prof.  Brush,  dated  Salt  Lake 
City,  October  6th,  1884. 

The  mine  is  situated  above  five  miles  S.W.  of  Marysvale, 
two  hundred  miles  south  of  Salt  Lake  City.  It  is  on  the  east 
face  of  a  mountain  slope  and  near  to  a  profound  fault  extend- 
ing north  and  south.  To  the  east  are  eruptive  rocks  including 
porphyry  and  trachyte.  Underlying  the  ore  beds  to  the  west 
is  quartzyte  of  unknown  thickness,  over  this  about  four  hun- 
dred feet  of  gray  limestone  and  in  the  contact  between  these 
the  Deertrail  vein  is  situated,  carrying  gold,  silver,  lead  and  a 
little  copper.  In  the  upper  portions  of  the  limestone  the 
selenide  of  mercury  is  found  in  a  bed  of  shaly  limestone  fifteen 
to  twenty  feet  thick.  The  vein  has  been  traced  north  and 
south  about  one  hundred  feet  along  the  outcrop  and  dips  into 
the  mountain  at  an  angle  of  about  16^  below  the  horizon. 
The  ore  occurs  in  masses  intermixed  with  the  shaly  limestone, 
crystals  being  very  rare.  The  accompanying  minerals  are 
barite,  oxide  of  manganese,  quartz  and  calcite.  The  ore  bed  is 
overlaid  by  a  yellowish,  sandy,  lime-shale  carrying  Sub- 
carboniferous  fossils. 

Mixi«ralogical  Laboratory  She£Qeld  Scientific  Schooli  March  28tb,  1885. 
*Thii  Journal,  III,  xxi,  312. 
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Art.   LVIII. — On  tfie   OaJiniU  of  Howe,   MasmchuseUs ;   by 
Arnold  Guyot  Dana. 

In  some  car-loads  of  pyrite  brought  to  New  Haven,  Oon- 
necticut,  from  the  mines  of  J.  M.  Davis  &  Co.,  in  the  town 
of  Bowe,  Massachusetts,  eight  miles  east  of  the  Hoosac  tunnel, 
I  found  some  fragments  of  the  mineral  gahnite.  On  visit- 
ing the  locality  I  learned  that  the  gahnite  occurred  on  the 
outer  portions  of  a  "vein"  or  "lenticular  mass"  of  pyrite,  of 
exceptional  purity,  varying  from  seven  to  twenty  feet  in  thick- 
ness. The  including  rock  is  gneiss  and  schist.  The  mine  had, 
at  the  time  of  m^-  first  visit,  reached  a  depth  of  200  feet.  The 
waste  heaps  afforded  a  large  amount  of  material  and  some  good 
specimens,  though  the  hardness  of  the  enclosing  rock  made  it 
difficult  to  obtain  the  crystals  unbroken.  Part  of  them  were 
entirely  embedded  in  the  pyrite  and  part  seemed  to  have  once 
lined  cavities,  most  of  which  had  since  been  filled  in  by  quartz 
and  the  rest  by  chalcopyrite. 

The  crystals  in  the  quartz  were  greenish  in  color  and  some- 
times had  a  slightly  greasy  lustre,  while .  those  in  the  pyrite 
were  almost  black,  but  green  by  transmitted  light,  and  had  a 
high  vitreous  lustre.  These  latter,  though  apparently  the  most 
pure,  were  so  filled  with  minute  particles  of  pyrite  that  for 
analysis  it  was  necessary  for  the  most  part  to  use  those  in  the 
quartz. 

The  largest  crystals  had  a  diameter  of  three-quarters  of  an 
inch,  but  the  majority  were  much  smaller.  Their  habit  was 
octahedral,  with  the  faces  usually  built  up  terrace  like  from  the 
alternations  of  the  octahedron  with  the  dodecahedron.  Simple 
dodecahedrons  were  rare.  No  other  planes  were  observed, 
though  many  crystals  were  examined.  Q-ood  examples  of  the 
spinal  twin  were  occasionally  met  with. 

The  specific  gravity  taken  on  a  piece  of  exceptional  purity 
weighing  nearly  two  grams  was  4*53. 

An  analysis  of  the  gahnite,  made  because  of  the  refractory 
nature  of  the  substance  on  half  a  gram,  gave : 

I.  II.  Mean. 

AlaO, 54-61  55-04  54-83 

FeaOa 3-22  2-?9  3*00 

FeO 3-25  349  3-37 

MnO tr.  tr.  tr. 

MgO 2-01  1-86  1-93 

ZnO 36-91  36-93  3692 

SiOa  and  insoluble  residue -57  -48  -53 

100-57  100-59  100-68 
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The  mineral  was  decomposed  by  repeated  fusion  with  K^,0^ 
The  insoluble  residue  having  been  filtered  off,  the  zinc  was 
thrown  down  as  sulphide  by  H,S  in  an  HCl  solution — accord- 
ing to  the  method  elaborated  by  Mr.  Osborne  of  this  labora- 
tory*— then  dissolved  and  re-precipitated  as  carbonate.  The 
ignited  ZnO  was  examined  for  iron  and  the  small  amount 
found  taken  into  account.  The  alumina  and  iron  were  twice 
precipitated  as  hydroxides  with  NH^OH  and  weighed  together. 
The  iron  was  determined  by  titration  with  permanganate  of 
potash,  and  the  alumina  obtained  by  difference.  The  amount 
of  iron  obtained  was  divided  between  the  protoxide  and  sesqui- 
oxide  in  such  proportion  that  the  oxygen  ratio  should  be  as 
the  formula  demanded.  The  magnesium  was  weighed  as  pyro- 
phosphate. 

Besides  the  pyrite,  which  is  seldom  found  in  crystals  of  any 
size,  the  chalcopyrite  and  the  quartz,  the  minerals  associated 
more  or  less  intimately  with  the  gahnite  are:  thin  plates  of 
titanic  iron,  sometimes  an  inch  across;  steel  gray  rutile,  occa- 
sionally in  good  crystals ;  apatite  in  small  light  green  crystals ; 
sphalerite;  garnet;  calcite;  a  triclinic  feldspar  in  greenish 
crystals,  and  epidote. 

The  epidote  occurs  in  curving,  thick  columnar  forms  and 
mostly  in  the  pyrite.  It  is  nearly  opaque  and  of  a  greenish 
gray  color  passing  into  ash  gray. 

An  analysis  showed  that  it  had  the  following  composition : 

I.  II.  Mean. 

SiOj 38-18  38-23  38-20 

AljOa 24-57  24-66  24-62 

FeaO, 12-16  13-24  12-20 

MnO  (two  separate  portions)..  -57  -67  -57 

MgO '12  -14  -13 

CaO 21-64  21-54  21-59 

Alkalies  (one  portion) -37  -37  -37 

H,0 2-15  2-17  216 

Insoluble  residue '35  -34  -35 

100-11  100-26  100-19 

Ca:  R:  Si  =  409:  936:  1-272  or  nearly  4:  9: 12 

In  this  connection  it  may  be  interesting  to  add  that  during  a 
recent  visit  to  Franklin  Furnace,  New  Jersey,  I  found  the 
gahnite  imbedded  in  magnetite  ifrom  the  "Trotter"  mine. 
One  crystal  A  of  an  inch  in  diameter  had  the  planes  O,  1, 
i  and  3-3  well  developed. 

Laboratory  of  the  Sheffield  Scientific  School,  April,  1885. 

*  Am.  Chem.  Joum.,  vi,  No.  3. 


Digitized  by 


Google 


O.  Meyer — Species  in  the  Southern  Old-tertiary.      457 


Art.  LIX — The  Genealogy  and  the  Age  of  the  species  in  the 
Southern  Old-tertiary,  by  Otto  Meyer,  !Ph.D. 

Having  Tor  some  time  been  engaged  in  the  study  of  the  Old- 
tertiary  formation  of  the  Southern  States,  especially  of  Alabama 
and  Mississippi  I  have  reached  the  following  results: 

1.  This  formation  contains  so  many  forms  that  have  not 
hitherto  been  made  known,  that  the  existing  lists,  their  other 
faults  not  considered,  can  be  said  to  give  only  a  poor  picture  of 
this  faana. 

2.  For  the  three  main  localities,  Vicksburg,  Jackson  and 
Claiborne,  which  are  succeeding  beds,  a  genealogy  (see  the  table 
beyond)  can  be  made  out  for  many  speciea  They  can  be 
traced  through  two  beds  or  all  three  of  them,  either  remaining 
unaltered,  or  varying  somewhat,  or  varying  in  such  a  degree, 
that  different  specific  names  must  be  usea.  In  other  words : 
many  described  and  undescribed  species  are  most  probably 
connected  by  descent 

S.  Since  the  discovery  of  these  beds  it  has  been  generally 
accepted,  that  the  "  Claibornian"  is  the  oldest  and  that  their 
succession  is  as  follows :  Claiborne  (Middle  Eocene),  Jackson 
(Upper  Eocene),  Vicksburg  (Oligocene) ;  the  existing  maps  are 
colored  accordingly.  This  has  bt^en  done  without  sufficient 
reasons  and  it  is  even  very  probable  that  the  succession  is  just 
the  contrary-r- Vicksburg  the  oldest  and  Claiborne  the  most 
recent  formation. 

As  for  the  new  species  I  hope  to  be  able  to  describe  them 
soon.  I  am  obliged  to  name  and  describe  a  part  of  them  in  the 
following  pages  without  figures.  But  most  of  them  are  defined, 
though  briefly,  yet  exactly,  by  giving  the  differences  from 
allied  knoWn  species.  I  think  that  a  paleontologist  collecting 
at  the  same  locality  will  be  able  to  recognize  them,  and  this 
is  more  than  can  be  said  for  many  species  described  and  fig- 
ured from  this  Tertiary. 

Part  I. 

ITie  Genealogical  delations  of  the  Species^ 

If  we  have  three  formations,  one  above  the  other,  not  sepa- 
rated by  a  geological  gap  or  by  long  geological  times,  but  ap- 
parently deposited  during  a  gradual  rising  of  the  coast,  we  may 
expect  the  following.  Many  of  the  species  will  remain  un- 
changed or  vary  to  some  extent,  others  will  vary  very  much. 
If  variations  of  a  species  disagree  more  and  more  they  may 

Am.  Jour.  Sol— Third  Seribs,  Vol.  XXTX.  No.  174.— Jtob,  1885. 
31 
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become  different  species.  Some  species  may  become  extinct 
or  emigrate,  others  may  immigrate.  These  last  points  can  be 
determined  only  by  a  complete  knowledge  of  the  respective 
faunas.  But  many  of  the  variations  can  be  recognized  with 
the  assistance  even  of  a  part  of  them,  such  as  is  represented  by 
our  collections.  All  the  conclusions  in  this  essay  are  based 
upon  material  in  my  possession,  collected  by  me  in  the 
localities  mentioned.  I  have  used  the  existing  descriptions  and 
figures  only  for  determining  the  specimens  found  in  the  same 
place,  and  have  not  drawn  a  conclusion  nor  made  a  suggestion 
(marked  by  [  ]),  except  by  direct  comparison  of  specimens. 
Thus  the  table  shows  only  the  relations  between  the  materials 
in  my  present  collection,  and  future  collecting  may  add  many 
new  points. 

In  tracing  out  relationships  between  different  species  the  fol- 
lowing considerations  were  guiding. 

Species,  which  disagree  above  a  certain  moderate  extent  in 
their  embryonic  parts,  cannot  be  nearly  allied,  however  similar 
they  may  appear. 

The  differences  between  related  species  must  be  generally  of 
a  more  quantitative  than  qualitative  natura 

While  some  of  the  qualities  may  differ,  perhaps  even  consid- 
erably, most  of  them  must  be  expected  to  remain  unchanged. 

If  two  related  species  differ  in  certain  points,  it  is  to  be  ex- 

{)ected  that  they  will  vary  somewhat  in  the  same  points  in  at 
east  one  of  the  localities. 

Very  small  peculiarities  in  teeth,  striae,  pits,  etc.',  usually  not 
mentioned  in  descriptions,  are  sometimes  very  characteristic 
of  a  species  and  remain  constant,  when  other  qualities  vary. 
These  little  things  sometimes  give  good  indications  of  relation- 
ships. 

It  must  not  be  forgotten  that  not  the  animals,  but  only  the 
shells  can  be  compared,  and  what  may  be  considered  a  slight 
difference  in  the  shell  may  represent  a  considerable  difference 
•in  the  animals ;  or  the  reverse  may  be  the  case.  What  I  deem 
as  too  slight  a  difference  to  make  varietal  or  specific  distinc- 
tions, may  be  thought  by  other  authors  of  sufficient  import- 
ance to  render  these  distinctions  necessary ;  or,  on  the  contrary, 
others  may  find  my  distinctions  exaggerated.  Moreover  I  may 
have  made,  notwithstanding  all  care,  in  one  case  or  another 
entirely  wrong  relationships.  All  these  considerations  may 
influence  every  single  detail  represented  in  the  following  table, 
but  in  general  the  relationships  here  claimed  between  the  three 
faunas  are  beyond  doubt  From  a  review  of  the  geological  and 
paleontological  evidences  /  cannot  explain  these  relations  other 
than  by  derivation. 

When  Conrad  described  the  Vicksburg  and  Jackson  species, 
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he  identified  very  few  of  them  with  Claiborne  fossils,  but 
founded  new  species  on  very  small  differences.  He  had  often 
.  to  say  "related  to  .  .  .  from  Claiborne."  Afterwards  he 
was  of  the  opinion,  that  the  three  beds  had  no  species  at  all  in 
common  ana  gave  new  names  to  those  which  he  formerly  con- 
sidered identical.  It  would  be  very  difficult  to  defend  this  hy- 
pothesis even  if  no  other  species  occurred  in  Jackson  than  those 
which  he  described,  but  with  a  better  knowledge  of  the  rich 
Jackson  fauna  it  is  impossible.  The  synonyms  in  parentheses 
in  the  table  are  the  names  used  by  Conrad.  The  table  will 
explain  itself  in  general  and  in  the  following  pages  only  such 
explanations  are  made  as  are  necessary.  The  references  to  the 
literature  of  most  of  the  species  can  be  found  in  the  American 
Journal  of  Conchology,  1865,  pp.  1-85.  The  numbers  refer  to 
those  in  the  table. 

3.  From  Jackson  I  have  two  specimens,  which  are  distinguished 
from  DiscofluatreUaria  BouH  Lea  sp.  in  being  flat  and  having 
longer  cells.  I  call  them  DiscofluatreUaria  Jackaonenaia.  They 
raay  be  a  variety  or  different  species,  but  are  to  be  related  to  the 
Claiborne  form.* 

7.  Pecten  LyeUi  Lea  occurs  also  in  Jackson.  I  would  here 
call  attention  to  a  characteristic  mark  that  Lea  does  not  men- 
tion,— four  or  three  teeth  on  the  margin  below  the  large  wing. 

8.  Pecten  Deakayai  Lea  is  very  similar  to  Pecten  nvperua  C. 
To  this  latter  form  I  relate  that  species  in  Vicksburg  which 
Conrad  omits  from  his  lists,  though  it  is  the  most  abundant 
one  in  that  locality.  In  Hilgard's  Geology  of  Mississippi  it  is 
called  Pecten  Poulaoni.  I  have  no  typical  Pecten  Poulaoni  Mor- 
ton from  St.  Stephens,  to  ascertain  whether  this  name  is  right  or 
not.  At  first  sight  one  may  be  surprised,  that  I  relate  these 
two  species,  one  of  which  is  moderately  inflated,  while  in  the 
Vicksburg  species  one  valve  is  very  ventricose  and  the  other 
nearly  flat.  But  in  this  regard  P.  Poulaoni  varies  considerably. 
One  may  pick  out  valves  which  are  entirely  flat,  and  others 
which  have  a  relatively  large  inflation,  and  the  agreement  in  the 
ornamentation  was  of  decisive  value  for  me. 

Pecten  Lyelli  and  Pecten  Deakayai  are  probably  only  two 
different  valves  of  one  species. 

14.  In  Jackson  occurs  a  species,  Limopaia  radiatua^  n.  sp., 
agreeing  with  Lim.  ohliquua  Lea  sp.  from  Claiborne,  but  some- 
what larger  and  having  radiating  nbs.  The  latter  difference  is 
so  striking,  that  I  should  not  have  related  the  two  species  to  each 
other,  except  perhaps  by  a  [  ],  had  I  not  a  specimen  of  L,  ohliqmtaj 
which  shows  the  same  ribs.  Though  they  are  less  distinct  they 
are  formed  in  the  same  manner  as  in  the  Jackson  form  by  nodules 
on  the  concentric  striae. 

16.  The  two  Claiborne  species,  Ledaplicata  Lea  sp.  and  Leda 

*  The  danger  of  misrepresenting  Mr.  Meyer,  in  attempting  to  remove  his  Ger 
man  idioms,  leads  us  to  leave  them  as  written. — Eds. 
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media  Left  sp.  have  the  following  differences.  Z.  plicata  is  com- 
pressed, very  inaequi lateral;  the  concentric  ribs  continue  over  its 
anterior  portion  and  on  this  portion  there  is  a  radiating  furrow. 
X.  media  is  more  inflated,  the  beaks  are  medial,  the  concentric 
ribs  look  as  if  erased  on  the  anterior  portion  and  there  is  no  fur- 
row. In  Jackson  a  species  is  not  rare  which  mav  be  called  Leda 
mater.  I  have  also  a  specimen  of  it  from  Claiborne.  This 
species  has  the  inequilateral  form  oiL,  plicata;  the  position  of 
the  beak  however  is  not  quite  constant  and  is  sometimes  a  little 
more  medial.  It  is  inflated  like  L,  media,  but  some  specimens  are 
more  compressed.  The  folds  on  the  surface  continue  generally 
over  the  anterior  portion,  but  become  less  distinct  there  and  some- 
times even  vanish.  A  slight  furrowing  of  the  anterior  portion 
may  be  noticed  in  most  of  the  specimens,  but  not  in  all.  In  short, 
Leda  mater  in  Jackson  stands  between  X.  plicata  and  Z.  media/ 
it  varies  in  certain  features,  and  the  same  features  constitute  in  a 
developed  form  the  differences  between  the  two  species  in  Clai- 
borne. From  these  facts  the  conclusion  might  be  deduced,  that 
the  two  species  are  also  derived  from  Z.  mhter. 

17  and  18.  Aatarte  sulcata  Lea  occurs  in  Jackson  with  more 
numerous  concentric  ribs  and  seems  to  be  generally  stouter  than  in 
Claiborne ;  this  may  justify  a  varietal  name  var.  Jacksonensis,  It 
is  very  singular  that  the  same  differences  exist  between  Aatarte 
Nicklini  Lea  and  Astarte  parilis  C.?,*  so  that  we  find  two  simi- 
larly looking  species  of  one  locality  altered  in  the  same  manner 
in  the  other  place. 

19.  Astarte  (Micromeris)  parva  Lea  occurs  also  in  Vicksbnrg 
in  a  form  which  is  broader  and  less  ribbed,  var.  Vicksbiirgensis. 
A  specimen  from  Jackson  is  more  similar  to  the  Claiborne  form. 

22.  In  Jackson  occurs  Venericardia  diversidentata,  n.  sp.,  similar 
to  Tener.  rotunda  Lea,  but  with  a  larger  beak,  and  the  tooth  of 
the  left  valve  horizontal,  while  in  the  Claiborne  species  it  rises 
obliquely.  Though  one  of  the  Claiborne  specimens  has  also  a 
large  beak,  the  differences  appear  to  me  of  such  importance  as  to 
require  a  new  specific  name.  The  relation  to  Vener,  rotunda  is 
so  obvious,  that  for  instance  in  Hilgard's  Geology  of  Missis- 
sippi it  is  enumerated  under  this  name.  In  the  young  specimens 
of  the  Claiborne  species  the  tooth  has  nearly,  or  perhaps  entirely, 
the  same  form  as  in  the  Jackson  species. 

23.  Venericardia  parva  Lea  occurs  in  Jackson  in  a  smaller 
form  with  straighter  lateral  margins.  These  two  qualities  are 
not  constant  in  Claiborne,  and  the  distinction  is  properly  made  by 
a  varietal  name,  var.  Jacksonensis, 

24.  A  specimen  from  Claiborne  resembles  Venericardia  parva 
Lea,  but  is  very  distinct  by  being  still  smaller,  very  much  inflat- 
ed, having  a  much  larger  beak  and  less  nodulous  ribs.  It  may  be 
called  Venericardia  inflatior.  The  same  form  is  also  rare  in 
Jackson  in  a  variety  with  straighter  lateral  margins,  var.  Jackson- 
ensis, 

*  There  exists  no  description  of  this  speciea  and  from  the  poor  figure  I  can  only 
guess  this  determination. 
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27.  I  have  Lachui  Mississippiensia  C.  only  from  Jackson  and 
this  is  the  only  exception  to  the  rule,  to  compare  only  speci- 
mens. But  this  Lucina  is  very  characteristic  and  agrees  exactly 
with  the  figure  and  description  of  the  Vicksburg  species. 

30.  A  species  of  Lucina  is  common  in  Jackson,  and  not  very 
rare  in  Vicksburg,  which  is  suborbicular  and  rather  flat.  Lateral 
teeth  are  obsolete;  beak  medial,  acute  and  turned  anteriorly. 
Posterior  margin  is  truncated  and  posterior  extremity  subcanali- 
culated.  It  is  covered  with  concentric  striae,  less  numerous  on 
the  posterior  side,  which  have  a  tendency  to  become  prominent 
on  the  carina  and  near  the  margins.  Margin  entire.  This  species 
is  not  named  as  it  may  perhaps  be  identical  with  Conrad's  Lucina 
Claibornensis*  although  Conrad  says  in  his  description  " inequi- 
lateral." He  describes  this  species  from  Claiborne,  but  from  a 
^'  group  at  the  base  of  Claiborne  Bluff,  belonging  to  an  older  divi- 
sion ot  the  Eocene  than  the  Claiborne  group  above." 

3 1.  Cardium  NicoUeti  C,  from  Jackson,  and  Cardium  diver  sum 
C.  from  Vicksburg  have  only  quantitative  differences  in  the  orna- 
mentation. 

33.  The  genus  Cytherea  seems  here  to  vary  very  much.  It  is 
not  only  difficult  to  find  out  relations  between  the  species,  but 
even  to  separate  the  species,  especially  in  Claiborne,  when  the 
material  of  the  lowest  and  highest  Claibornian  (see  part  II)  is 
mixed.  In  Jackson  the  genus  is  rarest  and  my  material  from 
tliis  locality  poor.  One  perfect  specimen  from  Jackson,  Cytherea 
Jdckaonensia^  n.  sp.,  agrees  with  Cytherea  Hydi  Lea,  but  has  a 
narrower  hinge.  The  size  of  the  hinge  in  Claiborne,  however,  is 
not  quite  constant. 

35.  A  rather  common  Tellina  in  Jackson  is  a  larger  and  stouter 
variety,  var.  robusta^  of  a  Vicksburg  species,  which  I  determined 
as  TeUtJia  Vickslnirgensis  C.  A  young  Jackson  specimen  has 
the  same  form  as  one  of  the  stouter  Vicksburg  specimens. 

36.  In  Jackson  occur  fragments,  which  seem  to  differ  merely 
in  size  from  Periploma  Claibomensis  Lea  sp,,  which  species  also 
is  known  only  in  these  fragments.  The  Jackson  form  may  be 
<^alled  var.  parva. 

37.  In  Jackson  occurs  a  species  of  Mactra,  which  is  almost 
equilateral,  but  otherwise  does  not  differ  from  Mactra  pygmaea 
Lea,  from  Claiborne.  As  the  forms  vary  in  both  localities  they 
are  most  probably  to  be  related.  The  Jackson  specimens  are  very 
similar  or  identical  with  a  species  in  Vicksburg,  which  is  perhaps 
what  Conrad  called  Mactra  funerata. 

38.  A  new  species,  Mactra  inornatay  occurs  in  Jackson.  It  is 
small,  somewhat  flattened,  inequilateral  and  has  a  rather  solid 
shell.  The  margin  is  entire,  the  lower  margin  rather  straight. 
Concentric  strisB  on  the  extremities  are  seldom  noticeable,  because 
the  sufface  is  mostly  water-worn.  In  a  specimen  from  Claiborne 
I  cannot  find  any  difference.  A  specimen  from  Vicksburg  is  rela- 
tively higher. 

*  Am.  Jour.  Gonch.,  1865,  p.  146. 
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39.  A  Corbula  in  Jackson  differs  from  Corbula  gibhoaa  Lea  in 
having  less  distinct  concentric  ribs  and  a  much  smaller  beak. 
The  last  difference  is  important  enough  to  justify  a  new  name 
Corbula  WiUistoni*  but  otherwise  the  details  are  alike. 

40.  Corbula  bicarinata  C.  from  Jackson  differs  from  C,  Murch- 
iaoni  Lea  in  having  the  concentric  ribs  somewhat  more  numerous 
and  the  umbonial  carina  less  distinct,  but  this  variation  is  slight. 

41.  Corbula  denaata  C.  from  Jackson  has  indeed,  as  Conrad 
says,  a  shorter  form  and  a  more  rounded  base  than  C,  Atabami- 
efisis  Lea,  but  there  are  quite  a  number  of  specimens  of  almost  the 
same  appearance  in  Claiborne,  which  I  tried  in  vain  to  separate 
specifically  from  the  elongated  forms.  So  the  stout  specimens 
can  be  considered  only  a  variety. 

43.  From  Vicksbur^  and  Claiborne  I  have  a  Dentalium,  which 
agrees  with  my  specimens  of  Dent,  microstria  Heilpr.f  from 
Wood's  Bluff.  One  of  the  Claiborne  specimens  has  the  posterior 
aperture  complete,  showing  an  emargination  and  opposite  to  it  a 
fissure.  Although  Heilpnn  in  his  description  says  "posterior 
aperture  entire,  there  being  no  fissure,"  I  have  little  doubt  that  it 
is  the  same  species  and  that  he  described  an  incomplete  aperture. 
The  species  is  too  rare  and  occurs  too  fragmentarily  to  enable  me 
to  give  a  sure  representation  of  its  variation. 

44.  A  small,  smooth,  even  somewhat  polished  Dentalium,  occur- 
ring in  Vicksburg  and  Jackson,  is  distinguished  from  all  other 
American  species  by  being  compressed,  the  section  showing  about 
the  form  of  an  egg.  It  resembles  remarkably  that  species  from 
the  German  Oligocene,  which  I  described  as  Dentalium  compres- 
sum.l  To  indicate  this  relation  it  may  be  called  Dentalium  sub- 
compressum. 

45.  In  Claiborne  occurs  a  Dentalium,  which  has  not  been  de- 
scribed, though  fragments  of  it  are  not  rare.  The  shell  is  solid, 
smooth  without  any  ribs ;  section  circular.  The  posterior  aper- 
ture is  formed  vei*y  characteristically.  The  margin  is  notched 
twice ;  the  notches  are  opposite,  deep  and  almost  of  the  same  size 
as  the  remaining  two  opposite  prominences  of  the  margin.  From 
within,  a  little  tube  rises.  This  species  may  be  called  Dentalium 
Leai  in  honor  of  I.  Lea,  whose  "  Contributions  to  Geology'*  I 
consider  as  the  best  part  of  the  American  Tertiary  literature.  In 
Jackson  occurs  a  species,  fragments  of  which  cannot  be  distin- 
guished from  the  Claiborne  form.  The  posterior  aperture  how- 
ever, although  showing  also  the  little  tube,  has  only  one  of  the 
notches,  which  moreover  is  less  deep.  It  may  be  called  Dentalium 
Danai.  As  the  other  notch  is  at  least  indicated  by  a  slight 
emargination,  the  species  are  to  be  related  to  each  other. 

46.  In  Vicksburg  and  Jackson  occur  quite  a  number  of  species 
of  Cadulus.  One  of  them  in  Jackson,  Cadulua  JackaonensiSy 
n.  sp.,  is  the   largest  one.     The  inflation  is  near   the   anterior 

*  In  honor  of  my  friend  Dr.  S.  W.  Williaton,  U.  S.  Qeological  Survey. 

t  Proc.  Ac.  Nat.  Sc.  Philad.,  1880,  p.  375. 

X  Jabresb.  d.  Senckenb.  Naturf.  Gesellsch.,  Frankfurt  a.  M.,  1882-3,  p.  258. 
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aperture.  Aperture  and  section  are  not  circular  but  ovate,  the 
species,  however,  is  not  as  much  depressed  as  Cadulus  depres- 
8U8  Meyer*  from  Claiborne.  The  most  characteristic  is  the  poste- 
rior apeilure.  By  four  notches  or  tissures  this  end  is  divided  into 
four  turret-like  appendages,  similar  to  what  Lea  describes  in  his 
DentcUium  turritum.  Of  these  four  prominences  only  the  oppo- 
site ones  are  alike ;  two  are  small  and  simple,  the  other  two 
broad  and  slightly  emarginate  in  the  middle.  The  largest  spe- 
cies in  Yicksburg  has  apparently  the  same  form  and  almost  the 
same  aperture,  but  in  the  emargination  of  the  two  lar^e  appen- 
dages there  seems  to  be  a  difference,  and  the  specimens  are 
smaller  than  in  Jackson.  It  may  be  considered  either  a  variety 
or  a  different  species,  and  may  be  called  Cadulus  Vlcksburgensis. 

What  Lea  described  as  Dentalium  turritum  is  apparently  a 
fragment  of  a  large  Cadulus  with  well  preserved  posterior  aper- 
ture, and  not  a  fragment  of  a  Dentalium  with  ^^  accidental"  aper- 
ture, as  Conrad  once  suggested.  As  Lea,  who  observed  very  ex- 
actly, writes  "  aperture  round"  it  is  probably  not  identical  with  the 
strongly  compressed  Cad.  compressus  Meyer.  I  found  of  the  lat- 
ter species,  unfortunately,  no  well  preserved  posterior  termination, 
and  not  having  seen  Lea's  type-specimen  I  cannot  have  a  decided 
opinion  about  the  relation  of  the  Jackson  to  the  Claiborne 
species. 

47.  From  Claiborne  I  have  two  species  of  Teinostoma.  Both 
are  small,  the  umbilical  region  is  completely  covered  bya  callus, 
which  has  a  tendency  to  spread  over  the  whole  shell.  Where  it 
does  not  cover  the  shell,  revolving  lines  are  to  be  noticed.  The 
two  species  differ  very  much,  as  one  of  them,  Teinostoma  suhro- 
tunday  n.  sp.,  has  the  last  whorl  with  an  almost  imperceptible 
an^le,  while  the  other,  Teinostoma  angularis,  n.  sp.,  is  extremely 
cannated.  In  Jackson  occurs  Teinostoma  Verrilli^  n.  sp.,  whicn 
differs  from  Tein.  subrotunda  in  having  a  more  distinct  angle  and 
showing  no  revolving  lines.  In  a  young  specimen  fronv  Vicks- 
burg  I  find  no  difference  from  the  young  Jackson  form. 
»  60.  Solarium  Henrici  Lea,  from  Claiborne  agrees  with  Solarium 
bellastriatum  C.  from  Jackson,  but  in  the  latter  species  there  are 
two  revolving,  impressed  lines  directly  above  the  suture  very  dis- 
tinctly developed,  while  in  the  Claiborne  form  they  are  only  indi- 
cated or  quite  obsolete.  At  the  base  of  S,  Henrici  we  find  one 
distinct  line  around  the  umbilicus  and  an  indistinct  one  along  the 
margin ;  at  the  base  of  the  Jackson  species  the  umbilical  line  is 
very  much  impressed,  along  the  margin  there  are  two  distinct 
lines  and  one  more  line  on  the  middle  of  the  whorl.  Some  of 
the  Jackson  specimens  show  indistinct  traces  of  more  longitudinal 
lines;  these  other  revolving  lines  are  fully  developed  in  theVicks- 
burff  species.  Solarium  triliratum  C. 

This  relation  between  the  three  forms  is  one  of  the  best  illustra- 
tions of  evolution,  which  can  here  be  brought  forth.  The  three 
Solaria  appear  different  enough  to  justify  specific  names.      On 

*  Proc.  Ac.  Nat.  Sc.  PhUad.,  1884,  p.  111. 
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the  other  hand  the  reBemblance  is  too  evident  to  be  overlooked. 
The  Jackson  form  may  be  said  to  stand  exactly  in  the  middle  and 
without  this  connecting  link  the  difference  between  the  Vicks- 
burg  and  the  Claiborne  species  might  appear  too  great  to  indi- 
cate their  derivation. 

51.  Turritella  carinata  Lea  varies  to  snch  an  extent  in  Clai- 
borne, that  the  specimens  there  disagree  at  least  as  much  from 
each  other  as  they  are  different  from  the  forms  in  Jackson  and 
Vicksburg.  For  this  reason  I  prefer  not  to  use  varietal  names 
for  these  two  localities. 

52.  Turritella  lineata  Lea,  from  Claiborne,  increases  in  width 
much  more  rapidly  than  T.  cUveata  C.  from  Jackson,  where  the 
first  whorls  are  flat  and  only  the  older  whorls  become  rounded. 
But  these  species  are  perhaps  to  be  related  to  each  other. 

56.  The  Claiborne  species  Natica  paroa  Lea  reaches  in  Jackson 
a  considerable  size.  The  umbilicus  seems  to  be  a  little  smaller 
and  also  the  broad  emargination  of  the  inner  lip  near  the  umbili- 
cus seems  to  be  slighter,  but  I  will  not  propose  a  special  vari- 
etal name.  A  characteristic  of  Natica  parva  is  that  the  upper 
part  of  the  whorls  is  broadly  canaliculated.  This  quality  is  ooso- 
lete  in  a  new  species  from  Vicksburg,  Natica  decipiens.  As  form 
and  umbilicus,  however,  are  alike,  and  smaller  markings  agree, 
for  instance  a  callous  prominence  on  the  posterior  part  of  the 
mouth,  I  relate  them  to  each  other. 

59.  Besides  Exdima  aciculata  Lea  sp.,  there  is  in  Claiborne  a 
very  rare  species  of  Eulima,  as  highly  polished  and  of  about  the 
same  form,  which  is  characterized  by  an  indistinct  suture.  The 
same  species  is  less  rare  in  Jackson  and  Vicksburg,  at  least  I  can- 
not detect  specific  differences.  MUinia  exilis  Gabb,  from  Texas, 
which  I  do  not  have,  seems  to  have  the  same  indistinct  suture, 
and  is  perhaps  identical. 

61.  In  Jackson  occurs  a  species  nearly  allied  to  Distortrix 
septemdentata  Gabb  from  Texas.  It  differs  in  having  the  canal 
somewhat  reflected,  being  more  callous  on  the  inner  lip,  having 
more  prominent  varices  and  more  distinct  transverse  ribs.  It 
may  be  called  Distortrix  Jacksonensis.  This  species  is  probably 
to  be  related  to  Distortrix  crassidens  C.  from  Vicksburg. 

66.  In  Jackson  and  Vicksburg  occurs  a  species,  JFkmcs  BotU- 
geri*  n.  sp.,  closely  allied  to  Fuaus  subtenuis  Heilpr.  from  Wood's 
Bluff  The  only  essential  difference  seems  to  be  that  the  Jackson 
form  has  the  inner  lip  covered  by  callus  on  which  there  are  nu- 
merous little  prominences,  while  this  callus  does  not  exist  in  F. 
subtenuis, 

68.  A  species  in  Jackson,  Turbinella  humilior^  n.  sp.,  differs 
from  Turbinella  protracta  C.  in  being  shorter  and  stouter  and 
having  a  somewhat  reflected  canal.  The  two  species  agree  other- 
wise ;  for  instance  the  following  marks  at  the  mouth  are  common 
to  both.     On  the  inner  lip  there  are  three  little  prominent  folds ; 

*  In  honor  of  my  friend,  the  able  and  careful  naturalist,  Oscar  Boettger,  in 
Frankfurt  a.  M. 
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on  the  posterior  part  is  a  callous  prominence;  in  a  certain  rather 
large  mstance  from  the  outer  lip  there  are  seven  elevated  strisB 
within ;  at  the  beginning  of  the  canal  is  a  tooth-like  prominence. 

In  the  younger  specimens  from  Jackson  the  canal  is  straiter 
than  in  the  older  ones. 

69.  In  Jackson  occurs  a  species,  Fulgur  filins^  n.  sp.,  which  has 
the  form  of  F,  Mississippiensis  C.  from  Vickshurg.  The  coarse 
part  of  the  sculpture  is  also  similar,  but  the  surface  is  covered 
with  fine,  closely  set,  elevated  revolving  lines.  In  the  largest  of 
my  Yicksburg  specimens  the  following  can  be  seen:  In  the 
youngest  reticulated  whorl  there  are  only  the  large  revolving  lines, 
then  a  small  line  appeai-s  in  the  middle  of  the  large  ones  and  final- 
ly one  more  line  appears  in  the  interstices.  If  we  imagine  this 
process  repeated  twice  more,  we  obtain  the  finely  striated  surface 
of  KJlliue,  and  indeed  this  same  process  can  be  traced  along  the 
whorls  of  the  Jackson  form,  so  that  we  can  say,  the  young  F. 
JUiuB  repeats  the  old  JK  Mississippiensis, 

72.  A  Marginella  in  Jackson  agrees  essentially  with  specimens 
from  Claiborne,  which  I  determined  as  Marg.  incurva  Lea,  but 
seems  to  be  generally  larger  and  much  inclined  to  deposit  callus 
on  the  posterior  part  of  the  mouth.  It  may  be  called  var.  Jack- 
soneneis, 

74.  Mitra  dumoaa  C,  from  Jackson,  is  more  slender  and  orua- 
mented  than  M,  pactilis  C,  from  Claiborne,  but  both  qualities 
vary  in  both  places  and  M.  dumoaa  cannot  be  considered  more 
than  a  variety. 

76.  One  of  the  most  difficult  genera  is  Oliva.  On  one  side  the 
species  vary  very  much,  especially  in  form.  Any  doubt  about 
this  is  removed  by  two  specimens  of  a  common  species  in  Jackson, 
where  the  color  is  preserved.  On  the  other  hand  it  may  be  that 
different  species  in  the  fossil  state  are  distinguished  only  by  small 
•differences. 

I  relate  three  species  to  each  other,  olc  from  Claiborne,  deter- 
mined as  Oliva  gracilis  Lea,  the  above  mentioned  one  from  Jack- 
son, which  is  generally  stouter,  and  Oliva  Mississippiensis  C,  from 
Vicksburg,  which  is  larger  and  again  stouter  and  where  the  main 
inflation  is  generally  somewhat  higher.  The  Jackson  species  may 
be  called  Oliva  media. 

76.  A  specimen  from  Vicksburg,  which  may  be  Conrad's  C7an- 
cellariafunerata,  resembles  much  a  specimen  from  Jackson  (not 
the  common  Cancellai-ia).  A  disagreement  in  the  third  embry- 
onic whorls,  however,  may  indicate  a  different  origin. 

77.  The  Vicksburg  species  Terebra  divisura  C.  is  rather  com- 
mon in  Jackson,  but  from  Claiborne  I  have  only  one  imperfect 
specimen.  The  variation  seems  to  be  mainly  in  the  distinctness 
of  the  line  below  the  suture. 

78.  The  genus  Pleurotoma,  of  which  numerous  species  occur  in 
the  three  deposits,  must  have  varied  or  migrated  very  much  at 
this  time,  or  both.  Two  species  look  similar,  Pleur.  Zonsdali 
Lea  from  Claiborne  and  a  species  in  Vicksburg  {Pleur,  Mississip- 
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piensis  C.  ?).     Bat  my  material  is  not  complete  enough  to  allow 
a  conclusion  in  regard  to  a  relationship. 

In  Jackson  occurs  a  species,  Pleurotoma  execulpta^  n.  sp.,  which 
differs  from  Pleur.  tenella  C,  from  Vicksburg,  in  having  the  orna- 
mentation, especially  the  transverse  striae,  more  distinctly  worked 
out  and  the  canal  shorter.  The  length  of  the  canal  of  P.  tenella^ 
however,  varies  a  little  and  I  consider  the  two  species  to  be 
related. 

79.  Conua  tortilis  C.  and  Con,  alveatus  C.  are  only  slight  va- 
luations of  Conus  sauridens  C. 

80.  In  Vicksburg  occurs  a  new  species,  Conua  protraetcu  It 
approaches  in  its  form  the  genus  Conorbis.  The  lower  part  is  al- 
most like  that  of  Vonus  sauridens  C,  but  it  is  a  smaller  species. 
The  spire  is  elevated,  forming  the  third  part  of  the  shell,  is  with- 
out revolving  lines  and  has  one  or  two  smooth  embryonic  whorls 
more  than  C.  sauridens.  In  Jackson  occurs  a  similar  form  but 
with  revolving  lines  on  the  spire,  Conus  Jacksonensis^  n.  sp. 
Probably  both  species  are  to  be  related  to  each  other. 

81.  A  species  in  Jackson,  AotCBon  anneetens^  n.  sp.,  is  similar 
and  related  to  Act  punctatus  Lea,  but  it  is  smaller,  has  a  more 
regularly  rounded  form  than  the  Claiborne  species  generally  has, 
and  the  fine  transverse  striae  are  less  closely  set.  The  largest 
specimen  moreover  has  an  indistinct  second  fold  above  the  larger 
first  one. 

84.  From  Claiborne  I  have  a  complete  specimen  of  Cylichna, 
which  belongs  to  the  subgenus  Yolvula.  A  similar  or  identical 
species  occurs  in  Jackson.  After  a  comparison  with  my  speci- 
mens of  BuUa  radius  Desh.  I  am  inclined  to  identify  the  Ameri- 
can and  French  species.  What  Gabb  describes  as  Volvula  Con- 
radiana  from  Texas  must  be  nearly  allied  or  identical. 

In  the  table  C.  stands  for  Conrad^  Mr.  for  Meyer. 

Table  sqowino  the  Successigkal  relations  of  the  Vicksburg,  Jacksox  aitd  Olaibobss 

SPECIES.      The  SYUBOL  >   signifies  decreasing  in  abundance  in  the  DIBECnUK  T0WARI> 
WHICH  IT  points,  AND  \  ]  THAT  THE  RELATIONE  ARE  DOUBTFUL. 


VICKSBURO. 

JACKSON. 

OTiATBOBNS. 

1,  Foraminifera. 

1 

Nodosaria  obliqua  L,  sp. 

iVodoearia  obliqua  L.  sp. 
2.  Bryozoa. 

Nodosaria  obliqua  L.  sp. 

2 
3 

Lunulites  interetitia  Lea  8p.> 
Discoflustrellaria    Bouei    Lea 
sp.  > 

S.  Corals. 

Lunulites  interstitia  Lea  sp. 
Discoflustrellaria  Jacksonenns. 
Mr. 

4 
5 
6 

Turbinolia  pbaretra  Lea.  < 
Kndopacbys  Maduri  Lea  sp. 
Platytrochus  nanus  Lea  sp. 

Turbinolia  pharetra  Lea, 
Endopachys  Maduri  Lea  sp. 
Platytrodius  nanus  Lea  sp. 
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16 

n 

18 

19 

20 
21 
22 

23 

24 

25 
26 

27 


Pecten  (Poulsoni  Morion  f)> 
AYicula  Glaibomensis  Lea, 

(A.  argentea  C.) 
Area  (Bjssoarca)  Mississippi 

ensis  C. 
Area  (protracta  G,  f)  sp. 
Pectunculus  arctatus  C. 


VICKSBUBO. 


Nttcula  ovula  Lea  var.  Vicks- 
burgensis  C.  or?  Nucula 
Vicksburgensis  C. 


JACKSON. 


4,  LameUibranchiata. 

Pecten  Lyelli  Lea.  >  ) 
Pecten  nuperus  (7.  >  f 
Ayicula  Claibornensis  Lea. 

Area  (Byssoarca)  Mississippi- 

ensia  C. 
Area  rhomboidella  Lea  var. 
PectuDCuIus  arctatus  C.  (var.  ?) 
Pectunculus  Broderipi  Lea. 

Limopsis  radiatus  Mr. 
Nucula  OTula  Lea  (var.  ?) 


Astarte  parya  Lea  var.  Vicks- 
burgensis Mr. 
Alveinus  minutus  C. 


Crassatella  Mississippieusis  C. 


Lucina  Mississippiensis  C. 
Lucioa  perlevis  C. 

30  Lucina  sp. 

31  Cardium  diversum  C. 
32 

331 

34  [Cytherea  sobrina  C] 

35  Teiiina  Vicksburgensis  C.  < 

36| 

I 
37  Mactra  (funerata  C.f) 
38iMactra  sp. 
39 
40 


41 


iLeda  mater  Mr. 

Astarte  sulcata  Lea  var.  Jack- 

sonensis  Mr. 
Astarte  Nicklioi  Lea.  var.  pa- 

rilis  0.  {A.  parilis  C.) 
Astarte    (Micromeris)    parva 

Lea. 
<  Alveiuus  minutus  0.  > 
Venericardia  planicosta  Lam. 
Venericardia      diversidentata 

Mr. 
Venericardia  parva  Lea  var. 

Jacksonensis  Mr. 
Venericardia  inflatior  Mr,  var. 

Jacksonensis  Mr. 
? 
Crassatella   protezia   G.  var. 

flexura  G.  (Gr.  flexura  G.) 
Lucina  Mississippiensis  G. 
Lucina  perlevis  G. 
Lucina  papyracea  Lea. 
Lucina  sp. 

Cardium  NicoUeti  G. 
Cytherea  minima  Lea. 
Cytherea  Jacksonensis  Mr. 

Telliua  Vicksburgensis  G.  var. 

robusta  Mr. 
Periploma  Claibornensis  var. 

parva  Mr. 
Mactra  (funerata  G.  var.  ?) 
Mactra  inornata  Mr. 
Corbula  Willistoni  Mr.  < 
Corbuia   Murchieoni  Lea  var. 

bicarinata  G.  (C.  bicarinata 

c.) 

Corbula  Alabamiensis  Lea  var. 
densata  G.  (C.  densata  G.) 


CLAIBORNE. 


Pecten  Lyelli  Lea.  ) 
Pecten  Beshaysi  Lea.  j' 
Avicula  Claibornensis  Lea. 


Area  rhomboidella  Lea. 
Pectunculus  arctatus  G.  (var.?) 
Pectunculus  Broderipi  Lea  var. 

fllosus  G.  {P.  filosus  G.) 
Limopsis  obliquus  Lea  sp. 
Nucula  ovula  Lea. 

I  >  [Leda  plicata  Lea  sp.] 
•|  >  Leda  mater  Mr.  (var.  ?) 
(  [Leda  media  Lea  sp.] 
Astarte  sulcata  Mr. 

Astarte  Nicklini  Lea, 

Astarte  (Micromeris)  parvaJ>a 

Alveinufl  minutus  G. 
Venericardia  planicosta  Lam, 
Venericardia  rotunda  Lea 

<  Venericardia  parva  Lea, 

Veuericardia  inflatior  Mr. 

Crassatella  alta  C. 
Crassatella  protexta  G. 


Lucina  papyracea  Lea. 


Cytherea  minima  Lea. 
<  Cytherea  Hydi  Lea. 
Cytherea  comis  Lea. 


Periploma  Claibornensis  Lea. 

Mactra  pygmsea  Lea, 
Mactra  inornata  Mr. 
Corbula  gibbosa  Lea. 
Corbula  Murchisoni  Lea. 


Corbula  AlabamieDsis  Lea, 
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YICESBUBG. 


42'Dentalium  altematum  Lea. 
(D.  MississippieDsid  G.) 

43  Dentalium  microsiria  HeUprJ 

44  Dentalium  subcomprcssum  Mr. 
45 

46  Cadulus  Vicksburgensis  Mr. 
47lTeiD06toma  Verrilli  Mr. 
48l 
49! 

50  Solanum  triliratum  C. 

51  Turritella  carinata  Lea, 

I     (T.  Misdiasippiensis  G.) 
62i 
63  Trochita  trochiformis  Lea. 

54 

55  Sigarotns  Mississippiensis  G. 

56  Natica  decipiens  Mr. 

57  [Natica  (seroilunata  Leal)] 

58  [Natica  YicksburgeiiBis  G.] 
59,Eiilima  sp. 

60 ; 

61  Diatortriz  crassldens  G. 
62 


63  Buccinum MisslBsippiensis  C.>- 

64  [Fusus  altilis  G.] 
65jFu3us  Boettgeri  Mr.  < 
66 

67|Turbinella  perexilis  G. 
68  Tu  rbinella  protracta  G. 
69,Fulgur  Mississippiensis  G.  sp. 
70' 

7l| 
72 

73!Mitra  oonquisita  G. 

741 


75 
76 

77 
78 
79 

80 
81 
82 
83 
84 


Oliva  Mississippiensis  G. 
[Cancellaria  (funerata  G.  f)] 
Terebra  divisura  G. 
Pleurotoma  tenella  G. 
Conus  saurideng  G.  (C.  alvea- 

tus  G.) 
[Conus  protracta  Mr.] 


JACKSON. 


S.  Olossophora. 
Dentalium  altematum  Lea. 


Dentalium  su>)Compressum  Mr. 
Dentalium  Danai  Mr. 
Cadulus  Jacksonensis  Mr. 
Teinostoma  VeiTilli  Mr. 
Solarium  bilineatum  Lea. 
Solarium    or  n  a  turn    Lea   var. 

acutum  G.  (S,  acutnm  G.) 
Solarium  bellastriatum  G. 
Turritella  carinata  Lea. 

[Turritella  alveata  G.] 
Trochita  trochiformis  Lea.  (T. 

alta  G.) 
Hipponyx  pygmsea  Lea 
Sigaretus  Mississippiensis  G. 
Natica  parva  Lea. 
Natica  semilunata  Zea 
Natica  permunda  G. 
Eulima  sp.  > 
RostellHria  Lamarcki  Lea  (R. 

staminea  C.)  > 
[Distortrix  Jacksonensis  Mr.] 
Pseudoliva  pyruloides  Lea  sp. 

var,  perspectiva  G.  (P.  per- 

spectiva  G.)  >. 
Buccinum  Mississippiensis  G. 
Fusus  sp. 

Fusus  Boettgeri  Mr. 
Clavella  humerosa  G. 
[Turbinella  perexilis  G.  f] 
Turbinella  humilior  Mr. 
Fulgur  Alius  Mr. 
Yoluta    (Scapha)    Parkinson! 

Lea  (Caricella  polita  G.) 
Marginella  semen  Lea. 
Marginella  incurva  Leaf  var. 

Jacksonensis  Mr. 
Mitra  conquisita  G,  (M.  Mel- 

lingtoni  G.) 
Miira  pactilis  G.  var.  dumosa 

G.  (M.  dumosa  G.)  > 
Oliva  media  Mr. 
Cancellaria  sp. 
Terebra  divisura  G. 
Pleurotoma  exsculpta  Mr. 
Conus  sauridens  G.  (C.  tortilis 

o.) 

Conus  Jacksonensis  Mr. 
Actseon  annectena  Mr. 
Actaeon  lineatus  Lea. 
Cylichna  Dekayi  Lea  (var.  ?) 
Cylichna  conf  r.  radius  JDesh. 


Dentalium  altematum  Lea. 

Dentalium  microstria  JSsilprJ 

Pentalium  Loai  Mr. 
[Cadulus  compressiis  Mr.] 
Teinostoma  subrotunda  Mr. 
Solarium  bilineatum  Lea. 
Solarium  o malum  Zeo. 

Solarium  Henrici  Lea. 
Turritella  carinata  Lea. 

Turritella  lineata  Lea. 
Trochita  trochiformis  Lea. 

Hipponyx  pygmaea  Lea. 
Sigaretus  striatus  Lea  sp. 
Natica  parva  Lea. 
Natica  semilunata  L&i. 

Hlulima  sp. 

Rostellaria  Lamarcki  Lea. 


CLAIBORNE. 


Pseudoliva  pyruloides  JLea  sp. 

[Fusus  apmiger  C.] 
Clavella  raphanoides  C. 


Voluta    (Scapha)    Parkinsoni 

Lea. 
Marginella  semen  Lea. 
Marginella  incurva  Leaf 


Mitra  pactilis  G. 
Oliva  gracilis  Lea  f 

>  Terebra  divisura  C. 

>  Conus  sauridens  C. 


Actffion  punctatus  Lea. 
Actffion  lineatus  Lea. 
Cylichna  Dekayi  Lea. 
Cylichna  conAr.  radius  D»h. 
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Art.  LX. —  On  Meteoric  Iron  from  Trinity  County^  Oali/omta  ; 
by  Charles  Upham  Shepard. 

For  my  knowledge  of  the  meteorite  here  described  I  am  in- 
debted to  Col,  Joseph  Willcox,  of  Philadelphia,  who  incideotally 
mentioned  to  me  last  autumn  that  he  had  seen  some  years  a^o 
a  metallic  mass  at  Holmes'  Hole,  Mass.,  brought  from  California, 
that  he  suspected  to  be  of  meteoric  origin.  It  was  in  the  posses- 
sion of  Captain  C.  W.  Davis,  who  procured  it  ten  years  ago 
at  Canyon  City,  in  Trinity  County.  Through  the  kindness  of 
Mr.  A.  P.  Crowell  of  Wood's  Holl,  a  few  grams  were  ob- 
tained from  Captain  Davis  for  examination  and  analysis ;  the 
result  of  which  nas  been  that  the  meteoric  origin,  at  first  regar- 
ded as  doubtful,  has  been  established. 

The  first  portions  that  were  detached  had  the  appearance  of 
pure  limonite;  but  were  afterwards  proven  to  contain  min- 
ute particles  of  nickeliferous  iron,  whereby  small  fragments 
were  readily  attracted  by  the  magnet.  The  thickness  of  the 
crust  affording  this  limonite  must  have  been  at  l^ast  a  tenth 
of  an  inch  ;  whence  it  may  be  inferred,  that  the  meteorite  had 
originated  in  a  very  ancient  fall.  The  specific  gravity  of  the 
limonite  was  between  3*81  and  4*04.  It  was  compact,  but 
yielded  to  pulverissation,  with  exception  of  occasional  very 
fine  metallic  grains,  that  flattened  slightly  by  extreme  pressure 
under  the  pestle.  The  application  of  the  magnet  took  up 
more  than  half  of  this  powder,  which  principally  consisted 
of  the  limonite.  It  was  thus  found  to  be  impossible  to  separate 
it  from  the  metallic  portion.  An  approximate  separation  of  the 
two  substances,  however,  was  efiected  by  HCl  in  the  cold  ;  and 
though  the  combination  of  them  was  not  uniform,  the  nickel- 
iron  was  determined  in  one  instance  to  be  at  least  10  percent. 

Two  small  fragments  of  the  nearly  unaltered  interior  were 
supplied  for  analysis.  In  these  the  coarsely  grained  crystalli- 
zation was  apparent,  affording  cleavable  crystals  of  the  octa- 
hedral form,  similar  to  what  is  found  in  the  Putnam  Iron, 
that  of  Cocke  County  and  others.  The  specific  gravity  of 
these  fragments  was  7*1,  which  is  less  than  the  average  of 
meteoric  irons,  a  circumstance  to  be  expected  from  slight  ad- 
hesions of  hydrated  peroxide  of  iron.  To  the  same  reason  also 
is  ascribable  the  considerable  loss  in  the  subjoined  analysis: 

Iron 88*810 

Nickel 7*278 

Cobalt 0*172 

Phosphorus . . .  •_ 0*1 20  =  96  -380 

For  want  of  material  no  search  was  made  for  tin,  copper, 
or  manganesa  No  sulphur  was  present  in  the  portions  exam- 
ined. The  weight  of  the  mass  is  nineteen  pounds.  Its  shape  is 
oval,  .somewhat  flattened,  with  numerous  elongated  depressiona 

Charleston,  8.  0.,  April  16,  1886. 
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Art.  LXI. — The  Potsdam   Oroup  East  of  the  Blue  Ridge  at 
Balcony  Falls^  Virginia  ;*  by  H.  D.  Campbell. 

Balcx)NY  Falls  is  the  name  given  to  a  succession  of  rapids 
in  the  gorge  through  the  Blue  Bidge  by  which  the  James  River 
finds  its  way  from  the  valley  to  Piedmont,  Virginia.  There 
is  no  other  locality  in  Virginia  where  the  Potsdam  formation 
is  better  exposed  than  at  this  point.  All  of  its  strata  are  cut 
through  by  the  river.  The  accompanying  map  and  section 
are  designed  to  throw  a  clearer  light  upon  the  topography  and 
geological  structure  of  the  region. 

The  Blue  Bidge  has  been  here  sculptured  into  seven  ridges, 
the  middle  one  of  which  is  the  most  clearly  defined  and  alone 
has  a  granite  axis.  This  is  the  Blue  Bidge  proper.  On  the  map 
it  is  called  Bocky  Bow  on  account  of  a  very  bold  escarpment 
of  sandstone  upon  its  .southeast  face.  The  three  ridges  lying 
northwest  of  it  are  each  crested  with  sandstone,  and  have  been 
formed  by  the  disintegration  and  washing  away  of  the  inter- 
vening slates.  As  seen  from  the  river  they  appear  as  peaks 
with  depressions  between  them.  The  ridges  lying  southeast  of 
Rocky  Bow  run  rather  obliquely  across  the  beds  of  sand- 
stone, and  the  intervening  ravines  have  been  formed  by  the 
erosive  power  of  streams  several  miles  in  length,  such  as  Matt's 
Creek  and  Snow  Creek. 

Geology, — The  section  is  meant  to  be  somewhat  general,  and 
hence  the  local  displacements  are  left  out,  which  makes  the 
strata  appear  thicker  than  they  are  in  reality.  It  represents 
an  immense  broken  arch,  or  anticline,  of  Potsdam  sandstones 
and  slates,  followed  to  the  southeast  by  a  trough  or  syncline  of 
the  same. 

For  about  a  mile  after  entering  the  gorge  through  the  moun- 
tains the  James  Biver  runs  almost  at  right  angles  to  the  strike 
of  the  strata.  Here  and  there  it  has  washed  away  the  softer 
slates  and  caused  local  displacements  of  the  sandstones  on  either 
side,  its  waters  having  for  a  long  time  been  dammed  back  by 
the  lowest  heavy  bed  of  Potsdam  sandstone,  which  is  very  hard 
and  durable.  Where  the  river  crosses  this  ledge  are  the  rapids 
known  as  Big  Balcony  Falls.  Before  the  canal  was  built 
(along  the  bank  of  which  the  Bichmond  and  Alleghany  Bail- 
road  now  runs),  the  ledge  of  sandstone  projected  considerably 
beyond  the  margin  of  the  river,  and  was  known  as  "  Balcony 
Bock,"  hence  the  name  of  the  falls.  For  about  a  mile  after 
passing  Balcony  Bock  the  river  runs  obliquely  across  the 
strike.  By  its  erosive  power,  aided  by  a  fissure,  and  probably 
by  ice  also,  it  has  worn  its  channel  deep  into  the  underlying 
*  A  short  paper  upon  this  subject  appeared  in  this  Journal,  Sept,  1884. 
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Archaean  rocks,  consisting  of  granalite,  syenite  and  rocks  of  a 
gneissoid  character.  The  river  then  leaves  the  mountains 
about  at  right  angles. 
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The  sandstones  and  slates  from  these  Arcbasan  rocks  to  the 
western  limit  of  the  gap  have  been  classed  as  Potsdam  or 
Lower  Cambrian.      Starting  from  the  Archaean  axis  of   the 
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Blue  Ridge  and  proceeding  northwestward  up  the  river  we 
cross  the  K>llowing  series  of  beds : 

No.  1  is  a  bed  of  conglomerate  composed  of  sand,  rounded 
quartz  pebbles,  fragments  of  feldspar  and  epidote  and  other 
material  more  or  less  water- worn.  This  bed  is  immediately 
followed  by  several  beds  ol  slates  and  conglomerate  sandstones 
which  have  evidently  been  much  altered  by  heat  from  the  sub- 
jacent igneous  rocks.  The  aggregate  thickness  of  these  beds 
is  above  120  feet. 

No.  2  is  a  heavy  mass  of  sandstone  about  360  feet  thick. 
It  consists  of  two  varieties.  The  lower  bed  is  a  hard  gray 
quartzite  and  is  the  material  of  the  Balcony  Bock.  The  upper 
bed  is  of  a  grayish  and  purplish  color  and  finely  conglomeritic 
in  texture. 

No.  3  consists  of  dark  colored  slates  with  interstratified  beds 
of  specular  iron  ore  of  low  grade,  having  pebbles  of  quartz 
disseminated  through  them.  The  thickness  of  these  slates  is 
about  500  feet 

No.  4  is  a  hard  bluish  sandstone  150  feet  thick,  which  has 
been  locally  displaced  near  the  river,  forming  several  waves 
that  are  conspicuous  from  the  railroad.  This  feature  is  not 
represented  on  the  section. 

No.  5  is  a  heavy  bed  of  bluish  and  greenish  slates  about 
700  feet  in  thickness.  They  have  been  considerably  warped 
and  contorted. 

No.  6  consists  mostly  of  a  brownish  gray  sandstone  with 
very  regularly  jointed  structure — 90  feet  thicK. 

No.  7  is  made  up  of  numerous  thin  beds  of  slate  which  pro- 
duce a  variety  of  shades  of  color  from  nearly  white  and  yellow 
to  dark  brown.  The  coloring  is  produced  by  iron  ore  which 
encrusts  many  of  the  thin  beds.  The  thickness  of  these  slates 
is  120  feet 

No.  8  is  the  sandstone  that  constitutes  the  type  of  this  for- 
mation. It  consists  here  of  two  hard  beds  of  gray  sandstone 
with  a  more  brittle  bed  intervening.  The  two  hard  beds  carry 
numerous  markings  at  right  angles  to  the  stratification,  sup- 
posed to  be  borings  of  a  worm  called  Scolithus  linearis.  These 
three  beds,  together  with  some  more  brittle  sandstones  under- 
lying them,  measure  35(»  feet  We  have  now  arrived  at  the 
entrance  of  the  gap.  If  we  go  away  from  the  banks  of  the 
rivers  some  distance  we  shall  find  about  600  feet  more  of  sand- 
stone and  friable  slate  before  we  get  to  the  limit  of  the  Pots- 
dam formation. 

Passing  now  to  the  eastern  slope  of  the  Blue  Ridge  we  find 
similar  beds  of  sandstone  and  slate  which  have  been  hitherto 
classed  as  Archaean  by  Professors  Wm.  B.  Rogers,  J.  L.  Camp- 
bell and  others,  and  have  been  spoken  of  as  lying  unconform- 
ably  beneath  the  Potsdam  sandstones  and  slates  of  the  western 
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slope.  In  Macfarlane's  Railway  Guide  (1879,  p.  182)  we  find 
the  following  note  by  Professor  Rogers :  *'  About  twenty  miles 
northwest  of  this  point  (Lynchburg)  by  canal  or  road,  we  enter 
the  gorge  by  which  the  James  River  traverses  the  Blue  Ridge, 
where  are  exposed  fine  sections  of  Archasan  rocks,  A  and  B, 
and  of  the  Cambrian,  Primal  2a,  resting  unconformablv  on 
the  western  slope  of  the  former,  and  occupying  the  flanking 
ridges  which  adjoin  the  valley." 

It  is  with  diflSdeuce  that  I  oflfer  my  views  as  opposed  to 
these,  making  (as  seen  in  the  section)  an  anticline  here  instead 
of  unconformability  ;  and  yet  I  feel  confident  that  the  highly 
metamorphosed  condition  of  all  the  rocks  east  of  the  Archaean 
axis,  and  the  hurried  review  of  this  locality,  led  these  geolo- 
gists to  place  these  sandstones  and  slates  as  Archaean,  and  that 
if  the  facts  which  I  shall  present  had  been  known  our  views 
would  coincide. 

The  evidences  in  support  of  the  section  I  have  drawn  are  as 
follows.  Rocky  Row  on  the  north  side  of  the  river  is  capped 
with  a  hard  sandstone  of  a  grayish  color  dipping  gently  toward 
the  northwest.  Grassy  Island  Ridge,  on  the  south  side  of  the 
river,  is  capped  with  a  sandstone  of  similar  appearance,  though 
not  so  thicic,  dipping  about  40^  S.E.  Each  of  these  beds  of 
sandstone  is  underlaid  by  a  brownish  decomposing  slate,  and  a 
bed  of  coarse  conglomerate  which  lies  upon  Uie  Archaean 
rocks.  To  the  N.E.  of  the  river  about  four  miles  and  again 
to  the  S.W.  about  one  mile  these  strata  seem  to  connect  and 
make  a  complete  anticline.  But  this  might  seem  to  be  the 
case  where  there  is  unconformability  and  hence  we  need  stronger 
proot 

In  all  of  the  heavy  beds  of  sandstone  in  the  Potsdam  group 
of  the  Blue  Ridge  above  the  lowest,  Scolithus  borings  are 
found,  varying  in  abundance  in  difierent  localities,  and  being 
always  more  numerous  in  the  higher  bed&  These  markings 
have  determined  the  age  of  the  rocks  along  the  western  slope, 
together  with  their  stratigraphical  position.  They  occur  here 
only  in  the  upper  beds,  No.  8  ;  but  at  White's  Gap  some  miles 
N.E.,  they  occur  in  abundance  in  the  next  lower  bed  of 
sandstone.  Going  now  east  of  the  axis  of  the  Blue  Ridge  and 
examining  the  sandstones  along  the  ridge  between  Matt's 
Creek  and  Snow  Creek  we  find  unmistakable  Scolithus  borings. 
These  sandstones  are  conformable  with  that  on  Grassy  Island 
Ridge.  Proceeding  up  Mattes  Creek  we  cross  two  of  these 
beds,  each  carrying  Scolithus  borings.  Between  them  lie 
heavy  beds  of  slate,  and  in  the  first  of  these  is  found  a  bed  of 
hematite  ore  similar  to  that  mentioned  above  as  occurring  on 
the  western  side  of  the  Blue  Ridge  and  locally  known  as 
"block  ore''  on  account  of  breaking  readily  into  cubical  and 
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rectangular  masses.  This  variety  of  ore  in  Virginia  seems  to 
be  characteristic  of  the  Potsdam  formation.  Cresting  the 
ridge  on  the  left,  in  ascending  Matt's  Creek  near  its  source  is 
found  a  white  sandstone  of  firm  texture  containing  Scolithus 
borings.  It  has  a  dip  of  45^  S.E.  which  carries  it  across  the 
head  of  Snow  Creek  to  the  crest  of  Piny  Kidge  which  is  not  so 
elevated. 

If  we  cross  James  Eiver  and  follow  the  eastern  face  of  the 
Blue  Bidge  toward  the  N.  K.  for  several  miles  we  find  sand- 
stones carrying  Scolithus  markings  and  beds  of  slate  alternat- 
ing with  them,  all  dipping  S.E.  They  correspond  very  closely 
in  character  and  position  with  those  described  to  the  south'  of 
the  river.  Three  miles  N.E.  of  Rope  Ferry  a  bed  of  these 
slates  is  quarried  by  the  Virginia  Slate  Mining  Co,  for  roofing 
purposes.  They  are  somewhat  different  lithologically  from 
the  corresponding  slates  along  the  western  slope  of  the  Blue 
Bid^e,  being  much  more  highly  metamorphosed  and  hence 
having  a  more  perfect  cleavage. 

The  foregoing  observations  led  to  the  conclusion  that  the 
stratified  rocks  upon  the  western  and  eastern  slopes  of  the 
Blue  Bidge  belong  to  the  same  geological  formation,  and  that 
the  latter  ought  to  be  classed  as  Potsdam  or  Lower  Cambrian 
instead  of  Archaean.  This  would  make  of  the  Blue  Bidge  an 
immense  broken  arch  at  Balcony  Falla 

This  broken  arch  or  anticline  is  immediately  succeeded  bj 
an  unbroken  syncline  about  two  miles  in  width,  near  the  axis 
of  which  is  Bope  Ferry  Bridge.  How  far  on  either  side  of  the 
river  this  syncline  may  extend  we  have  not  yet  fully  deter- 
mined. The  upper  beds  of  sandstones  and  slates  do  not  make 
their  appearance  for  some  distance  on  either  side  of  the  river, 
having  probably  been  somewhat  broken  in  iheir  upheaval,  and 
washed  away  before  the  river  became  confined  to  its  present 
narrow  channel. 

It  seems  more  than  probable  that  ice  was  one  of  the  great 
agents  in  determining  the  features  of  this  region. 

To  the  east  of  the  syncline  mentioned  above  we  find  Archaean 
rocks  again  represented  by  granite  and  gneiss.  This  corre- 
sponds to  the  axis  of  Cold  Mt,  which  is  a  ridge  lying  several 
miles  S.E.  of  the  axis  of  the  Blue  Bidge  and  parallel  with  it 
A  few  miles  N.E.  of  this  locality  Cold  Mt  is  very  high  and 
conspicuous. 

From  what  has  been  written  above,  the  general  conclusion 
may  be  drawn  that  the  belt  of  sandstones  and  slates  lying 
east  of  the  Blue  Bidge  at  Balcony  Falls  belongs  to  the  Lower 
Cambrian  or  Potsdam  group  of  rocks,  and  that  the  Primordial 
beach  of  the  Palaeozoic  Sea  was  farther  east  at  this  locality 
than  was  formerly  supposed. 

Washington  and  Lee  University,  Lexington,  Va. 
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Art.  LXIL — Oeotogy  of  the  Sea-bottom  in  the  approaches  to  New 
York  Bay ;  by  A.  Lindenkohl,  U.  S.  Coast  and  Geodetic 
Surrey.     With  a  plate  (Plate  IV,  unnumbered). 

[Read  at  the  meeting  of  the  National  Academy  of  ScienooB,  April  32,  1885,  bj 

J.    E.  HiLQABD.J 

During  the  survey  of  the  sea-approaches  to  New  York  in 
the  years  1842  and  1844,  specimens  of  sea-bottom  were  col- 
lected while  soundinj^  were  in  progress.  The  samples  were 
examined  under  the  direction  of  Professor  Bache  by  Assistant 
L.  F.  Pourtales  of  the  Coast  Survey  Office  and  by  Professor  J. 
W.  Bailey  of  West  Point,  N.  Y.,  and  the  results  of  analyses 
were  published  as  Appendix  No.  XI  with  the  Coast  Survey 
Report  for  the  year  1869.  The  investigations  by  these  natu- 
ralists attracted  attention  and  ended  in  opening  the  way  to  a 
field  of  scientific  inquiry  which,  at  this  time,  is  cultivated  by 
men  eminent  in  such  researches  in  all  the  leading  nations. 
Neither  of  the  naturalists  here  named  is  now  living. 

Within  the  last  five  years,  minute  hydrographic  surveys 
have  been  made  of  the  same  locality.  Some  collateral  informa* 
tion  also  has  been  furnished  by  the  Geological  Survey  of  New 
Jersey  under  the  direction  of  Professor  George  H.  Cook.  We 
are  thus  enabled  to  invest  deductions  with  increased  precision, 
and  to  extend  inquiry  beyond  the  limits  to  which  Assistant 
Pourtales  restricted  himseli 

The  sea-bottom  oflF  the  entrance  to  New  York  lower  bay  is 
characterized  by  features  peculiar  to  that  region.  These  in- 
clude : 

1.  A  well  defined  submarine  valley. 

2.  An  area  of  clay  bottom  extending  about  one  hundred 
miles  seaward. 

3.  A  deep  ravine  at  the  edge  of  the  continental  slope. 
The  features  here  specified  will  be  separately  descrioed. 
Submarine  Valley. — The  early  survey  of  the  sea-approaches 

to  New  York  developed  the  existence  of  a  series  or  "  deep 
mud  holes ''  lying  in  a  straight  line  off  the  entrance.  These 
it  was  supposed  might  serve  as  guides  to  mariners,  but  no 
special  significance  was  attached  to  the  "  mud  holes  "  until 
Professor  Dana,  from  a  study  of  the  Coast  Survey  soundings, 
showed  that  they  lay  in  the  course  of  a  valley  like  depression 
which  had  the  right  position  to  have  been,  in  a  period  of  higher 
level,  the  continuation  of  the  Hudson  River  channel.  When 
these  views  were  communicated  to  the  Coast  Survey  Office 
these  mud  holes  were  at  once  recognized  as  indications  of  such 
a  channel,  and  it  was  surmised  that  they  actually  form  a  con- 
tinuous  channel  instead  of  being  separated.     The  last  survey 
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has  developed  the  existence  of  this  channel;  and  thus  the 
question  is  opened — whether  this  channel  was  produced  by  a 
break  in  the  strata  as  was  the  upper  channel  of  the  Hudson,  or 
by  the  current  of  a  river  seeking  an  outlet  to  the  ocean.  The 
following  facts  bear  upon  the  question. 

The  first  indic^itions  of  the  channel  are  found  ten  nautical 
miles  east  by  south  off  Sandy  Hook  at  a  depth  of  19  fathoms. 
After  following  a  southerly  course  for  about  ten  miles,  the  chan- 
nel takes  an  easterly  turn  in  the  next  five  miles ;  from  the  dis- 
tance of  fifteen  miles  (twenty  miles  in  a  direct  line  from  the 
Hook)  it  maintains  a  straight  course  (60^  S.  E.)  to  its  bar, 
which  is  eighty  miles  from  the  Hook. 

From  the  head  of  the  channel  to  the  bend,  the  top  of  the  banks 
remains  at  about  an  even  level  of  18  fathoms  depth,  while  the 
channel  increases  in  depth  from  19  fathoms  to  36  fathoms.  The 
average  slope  of  the  banks  is  one  degree,  and  the  width  of  the 
enclosed  channel  from  three  quarters  of  a  mile  to  a  full  mile ; 
in  the  bend  this  slope  is  increased  to  three  degrees,  and  the  width 
contracted  to  one  eighth  of  one  mile. 

The  banks  maintain  the  same  height  on  both  sides,  and  are,  as 
also  is  the  bottom,  composed  of  a  sandy  clay  overlaid  by  a 
crust  of  sand  and  gravel  which  spreads  continuously  over  the 
adjacent  flats.  This  clay  is  very  uniformly  described  by  the 
surveyors  as  "  blue  clay"  in  the  upper  channel  and  "green  mud" 
in  the  lower  channel.  The  bar  (at  seventy-five  nautical  miles 
from  the  Hook)  is  composed  of  fine  sand.  At  the  distance  of 
eighty-five  miles  the  channel  reappears  as  a  deep  ravine  and  it 
will  be  described  separately.  The  cross  sections  of  the  chan- 
nel, at  intervals  of  ten  miles  starting  from  Sandy  Hook,  taken 
from  the  recent  survey,  are  here  given  : 
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From  this  exhibit  we  may  infer  that  the  channel  has  been 
produced  by  erosion  and  its  present  shape  is  due  to  the  action 
of  flowing  water.  The  mud  brought  up  by  the  lead  has  not 
been  deposited  upon  the  sea  bottom  by  precipitation,  but  is  the 
actual  soil  which  is  a  stratum  of  clay  which  must  have  a  thick- 
ness of  over  ninety  feet 

This  sandy  clay  is  believed  to  be  identical  with  the  Tertiary 
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"  sandy  clay  strata  "  of  the  New  Jersey  geological  survey  which 
underlies  nearly  the  whole  of  the  peninsula  of  lower  New 
Jersey. 

The  disappearance  of  the  submerged  valley  at  a  less  depth 
than  19  fathoms  must  be  attributed  to  the  obstructive  action  of 
Sandy  Hook  bar.  By  taking  this  depth  as  the  fi;reatest  ever 
reached  by  the  channel  over  the  bar  near  Sandy  Hook,  we  can 
form  an  estimate  of  the  geological  a^e  of  this  bar. 

Professor  .Cook,  in  a  statement  made  before  the  Riparian  Com- 
mission of  New  Jersey,  November  17,  1883,  estimates  the  pres- 
ent rate  of  subsidence  of  the  coast  of  New  Jersey  at  about  two 
feet  in  a  hundred  years.  At  this  rate,  the  decrease  of  depth 
from  19  fathoms  to  4  fathoms  which  is  about  tbe  present  mean 
depth  of  the  New  York  bar,  would  cover  a  period  of  four  thou- 
sand five  hundre<^  yeara 

The  transfer,  per  saltum,  of  a  bar  at  the  depth  of  41  fathoms 
and  at  a  distance  of  75  miles  from  the  Hook  to  one  of  19  fathoms 
depth  and  in  the  immediate  vicinity,  however,  cannot  well  be 
explained  upon  the  theory  of  such  a  gradual  and  moderate  sub- 
sidence  as  is  believed  to  be  going  on  at  the  present  time. 

The  State  Geologist,  Professor  Cook,  assuming  a  mean  dip 
of  twenty-five  feet  to  the  mile  for  the  marl  beds,  has  indicated 
lines  of  strike  upon  his  geological  map,  showing  the  depth 
below  sea  level  of  the  red  sand  bed  (a  subordinate  stratum  of 
the  Cretaceous  marl  formation)  and  the  lines  A  and  B  on  the 
map  (see  Plate)  are  such  lines  for  the  depths  respectively  of  250 
feet  and  1040  feet  These  lines  produced  to  the  submerged 
channel  strike  the  top  of  the  clay  bank  at  points  the  respective 
depths  of  which  are  108  and  162  feet  below  the  ocean  level. 
This  great  diflPerence  in  dip  (790  feet  against  54  feet)  may  be 
accounted  for  by  supposing  that  the  top  of  the  clay  bank  does 
not  coincide  with  the  line  of  stratification  (its  slope  being  about 
two  feet  to  the  mile),  or  there  may  be  a  flattening  out  of  dip 
toward  the  sea.  And,  again,  the  sandy  clay  bed  may  not  rest 
conformably  on  the  formations  which  crop  out  on  the  dry  land. 

In  the  geological  surveys  of  Pennsylvania  and  New  Jersey, 
the  terminal  moraine  was  accurately  traced  through  these  two 
States,  and  the  sketch  shows  its  course  from  the  valley  of  the 
Alleghany  in  western  New  York,  eastward  arid  southward  to 
New  York  Bay.  The  line  as  there  shown  was  taken  from  a 
map  by  Professor  .  Lewis  in  this  Journal,  1884 ;  and  from  the 
geological  map  of  New  Jersey,  1882.  It  will  be  seen  at  a 
glance  that  this  line  and  the  submerged  valley  of  the  Hudson 
form  a  continuous  line,  and  this  coincidence  suggests  that  this 
valley  stands  as  a  mark  of  the  limit  of  the  glacial  drift  and 
as  one  of  the  "great  waste-weirs  of  the  melting  glacier,"  to 
use  an  expression  which  Professor  Lewis  applies  to  the  Lehigh 
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river.  The  range  of  hills  which  traverses  Long  Island  from 
the  New  York  Narrows  to  Montauk  Point  has  been  recognized 
as  a  well  developed  glacial  moraine,  and  Professor  Cook  has 
established  its  lateral  connection  with  the  New  Jersey  moraine 
by  way  of  the  southern  part  of  Staten  Island.  Now  if  the 
contemporaneous  existence  of  these  two  moraines  could  be 
proved,  it  would  follow  that  the  south  end  of  Staten  Island 
was  the  most  advanced  point  of  the  glacier.  Professor  Cham- 
berlin  has  very  recently  (in  a  contribution  to  the  Annual 
Eeport  of  the  tJ.  S.  Geol.  Survey,  1882-83)  made  the  relative 
ages  of  these  two  glaciers  the  subject  of  a  careful  study.  For 
our  present  purpose  it  will  suffice  to  state  that  the  Long  Island 
moraine,  by  reason  of  its  great  boldness,  which  implies  a 
period  of  powerful  glacial  action,  bears  a  greater  resemblance 
to  the  more  northerly  moraines  of  the  interior  than  to  the 
terminal  moraine  which  stands  as  the  extreme  advance  of  a 
gradually  receding  glacial  drift.  This  circumstance  alone 
warrants  the  assumption  that  the  terminal  moraine  must  be 
looked  for  to  the  southward  of  Long  Island. 

Clay  Bottom. — Assistant  Pourtales  drew  attention  to  a  large 
area  of  muddy  bottom  off  the  eastern  end  of  Long  Island,  and 
remarked  also  upon  the  scarcity  of  remains  of  animal  life  in 
the  specimens  of  bottom  from  this  region.  That  muddy  bot- 
tom zone  is  interposed  between  the  wide  sand  belt  which  skirts 
the  coast  and  the  deep  sea  ooze  which  is  of  calcareous  nature 
and  which  covers  all  the  deeper  bottoms  of  the  ocean.  By 
careful  study  of  the  soundings,  including  those  recorded  by  the 
U.  S.  Fish  Commission,  we  are  enabled  to  trace  the  outline  of 
this  formation.  It  is  triangular;  the  base  D  £  (see  plate) 
coincides  nearly  with  the  line  of  1000  fathoms  and  reaches 
from  the  latitude  of  Cape  Charles  to  the  longitude  of  Cape 
Sable,  The  apex  (F)  lies  about  ten  miles  southeast  of  Block 
Island,  but  a  narrow  strip  of  muddy  bottom  can  be  traced  still 
farther  north,  nearly  to  the  western  end  of  Martha's  Vineyard. 
Assistant  Pourtales  says  (C.  S.  Report  for  1869,  Appendix 
XI),  "The  mud  or  ooze  had  its  origin  probably  in  the  Tertiary 
formation,  of  which  we  see  only  tne  remnants  in  the  cliffs  of 
Gay  Head,  and  in  a  few  localities  of  small  extent  on  the  coast 
of  Massachusetts,  as  at  Marshfield  or  elsewhere."  .  .  .  "A  sim- 
ilar sea  bottom  is  found  in  the  so-called  mud  holes  off  the 
entrance  to  New  York.  They  are  depressions  below  the  gen- 
eral depth  of  the  surrounding  bottom,  filled  with  mud.*' 
These  expressions  do  not  render  it  clear  to  me  whether  he  con- 
sidered this  mud  to  be  sediment  or  true  soil ;  but  judging  by 
the  uniformity  and  the  magnitude  of  its  range,  since  the  greater 
part  if  not  the  whole  of  the  mud  in  question  is  either  clay  or 
corroded  clay,  we  recognize  in  it  the  traces  of  a  great  geo- 
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logical  formation  having  a  vertical  range  of  nearly  six  thou* 
sand  feet.  The  sea-bottom  within  this  area  may  contain  the 
outcroppings  of  strata  of  various  composition  and  of  diflferent 
ages,  but  these  strata  must  be  assumed  to  be  always  more  or 
less  argillaceous.  The  shoaler  soundings  generally  show  a 
strong  admixture  of  sand  while  the  deeper  ones  appear  as  purer 
clays.  At  about  the  depth  of  1000  fathoms  the  clay  gives 
way  to  the  globi^erina  ooze;  but  in  some  instances  clay  has 
been  found  by  the  Fish  Commission  at  depths  over  1500 
fathoms.  In  view  of  the  fact  that  in  coast  regions  the  distri- 
bution of  ''sand''  and  **mud"  bottoms  is  very  often  the  result 
of  ocean  currents,  it  appears  proper  to  define  the  extent  to 
which  such  currents  may  have  affected  the  limits  of  our  **clay 
region." 

We  may  freely  admit  that,  in  mo-lerate  depths,  currents  may 
disturb  and  shift  the  material  of  the  bottom  and  may  also 
change  its  mineral  composition  by  the  introduction  of  sedfiment 
washed  out  to  sea,  but  such  changes  cannot  take  place  at  ^reat 
depths  nor  at  great  distances  from  the  coast  and  could  have 
affected  but  a  very  limited  part  of  the  clay  bottoms.  The 
only  agency  which  could  change  the  geological  structure  of 
the  sea  bottom  at  the  depth  of  the  main  part  of  the  clay  region, 
we  take  to  be  precipitation  of  very  fine  material  held  in  sus- 
pension by  the  sea  water ;  but  the  effect  of  such  precipitation 
would  be  to  obliterate  existing  geological  distinctions  rather 
than  to  render  them  more  apparent, 

A  line  drawn  from  Trenton  to  Jersey  City  separates  the 
clay  region  from  the  red  sandstone  region.  This  line  is 
about  one  hundred  and  fifty  miles  from  the  curve  of  one  thou- 
sand fathoms.  Hence,  if  we  assume  these  two  lines  to  be  on 
one  plane  of  stratification,  the  dip  of  the  strata  would  be  forty 
feet  to  the  mile.  It  appears  quite  plausible  to  assume  that  the 
dip  of  pliable  strata  which  is  found  to  be  decreasing  in  the 
coast  region  should  show  an  accelerated  increase  when  it  ap- 
proaches the  continental  slope. 

It  has  been  suggested  by  Professor  Dana  and  is  so  stated  in 
Dana's  "  Manual  of  Geology,"  2d  edition,  p.  537,  that  the  lower 
limit  of  the  New  England  part  of  the  terminal  moraine  proba- 
bly coincided  with  the  outline  of  the  deep  water  slope,  about 
80  miles  south  of  Long  Island  and  outside  of  St.  George's  Shoal. 
Now,  the  clay  bottom  region  being  bare  of  drift,  we  can  safely 
assume  that  the  lines  FD  and  FE  indicate  the  extreme  limit 
of  glacial  drift  on  this  part  of  the  continent.  The  thickness 
of  the  cover  of  diluvial  drift  in  the  vicinity  of  the  submerged 
valley  appears  to  be  at  the  utmost  about  sixty  feet. 

Tht  Hudson  River  Fiord. — The  deep  ravine  mentioned  above 
as  one  of  the  remarkable  features  of  the  sea- approaches  to 
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New  York  lies  in  a  nearly  straight  continuation  of  the  subma- 
rine channel  and  reaches  from  the  outer  end  of  the  bar  already 
mentioned,  or  about  eighty-five  miles  to  seaward  from  Sandy 
Hook,  to  the  edge  of  the  continental  slope  at  a  distance  of  about 
one  hundred  and  five  miles  from  the  Hook.  This  ravine  is 
about  twenty-five  nautical  miles  long  and  three  miles  wida 
It  commences  with  a  depth  of  about  sixty  fathoms  below  the 
ocean's  surface  which  increases  to  two  hundred  fathoms  within 
the  first  mile;  the  greatest  depth,  four  hundred  and  seventy- 
four  fathoms,  is  close  to  its  outlet.  This  outlet  to  the  ocean 
is  in  the  shape  of  a  bar  with  a  depth  of  about  two  hundred 
fathoms.  For  half  its  length,  from  its  middle  to  the  bar,  this 
ravine  maintains  a  vertical  depth  of  more  than  two  thousand 
feet,  measuring  from  the  top  of  its  banks ;  these  banks  have  a 
nearly  uniform  slope  of  about  14*.  It  remains  to  be  stated 
that  the  bottom  and  the  sides  of  the  ravine  are  composed  of  a 
green  sandy  mud,  and  that  the  adjacent  flats,  unlike  those  of 
the  submerged  channel,  show  the  same  material. 

The  absence  of  signs  of  violent  action  in  the  region  of  this 
depression  precludes  the  supposition  that  it  is  a  fissure;  on  the 
contrary  its  position  at  the  lower  liniit  of  the  glacier,  its  shape, 
and  its  direction,  render  probable  the  supposition  that  it  be- 
longs to  the  class  of  fiords  so  common  to  higher  latitudes.  If 
we  so  conclude,  the  question  cannot  be  avoided — why  is  the 
continuity  of  the  submerged  channel  interrupted  by  a  bar. 
The  borings  at  Cape  May,  at  Atlantic  City  and  elsewhere  along 
the  New  Jersey  sea  border  carried  down  to  depths  of  two  hun- 
dred feet  or  more,  do  not  show  any  harder  strata  than  clay. 
Hence  there  is  no  reason  to  assume  that  this  bar  was  induced 
by  a  rocky  obstruction.  It  appears  more  plausible  to  suppose 
that  the  fiord  belongs  to  an  earlier  time  when  the  river  made 
its  channel  to  the  sea  through  ice  obstructions,  and  that  the 
submerged  channel  farther  up  is  of  a  later  period,  when  the 
passage  to  the  ocean  was  free  and  the  regime  of  the  river  was 
well  established. 


Abt.   LXIII.  —  Additional    Notes   on   the  Kettle- Holes   of  ike 
Wood's  Holl  Region^  Massachusetts;  by  B.  F.  KooNS. 

During  the  summer  of  1884,  in  connection  with  mywork 
for  the  United  States  Fish  Commission  at  Wood's  Holl,  I 
extended  my  observations,  as  far  as  opportunity  offered,  on  the 
kettle-holes  in  the  Vineyard  Sound  region,  partly  to  revisit 
localities  studied  the  year  before  (and  complete  work  then  left 
unfinished),  and  in  part  to  give  wider  range  to  recorded  facts. 
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Soon  after  my  former  article  appeared  in  the  Journal  of 
Science,  April,  1884,  numerous  inquiries  were  made  by  various 
geologists  of  the  United  States,  showing  a  much  wider  interest 
in  the  subject  than  had  been  anticipated,  and  some  of  these 
questions  bore  upon  points  not  particularly  studied,  while 
others  asked  for  further  explanation  of  facts  there  recorded, 
A  part  of  these  questions  have  been  answered  by  letter,  and  in 
the  following  notes  I  shall  aim  to  reply  to  the  remainder  either 
directly  or  indirectly.  The  previous  article  gave  my  observa- 
tions made  upon  the  east  end  of  Naushon,  the  point  of  the 
main  land,  and  the  intervening  islands,  about  twelve  miles  in 
extent,  and  sixty -four  kettle-holes  were  located  and  described ; 
and  in  the  later  observations  a  territory  extending  from  Bobin- 
son's  Holl  on  the  west  to  a  point  several  miles  north  of 
Falmouth  village,  over  twenty  miles  in  all,  was  visited,  and  I 
here  give  the  measurements  for  forty-two  additional. 

On  the  Island  of  Naushon. 


HelAht 

■  Direction 
of 

Leo^h 

Leneth 

of 
highest 

Height 

Position 
of 

No. 

long  axis. 

long  axis. 

short  axis. 

border. 

outlet. 

outlet. 

65 

N.  50"  B, 

20  rods. 

7  rods. 

25  ft. 

8  ft. 

S.W. 

66 

N.  55''-60'  B. 

25 

15 

30 

15 

S. 

67 

N.  50°-56"  E. 

20 

16 

30 

10 

S.W.  by  W. 

68 

N.  55°  E. 

20 

12 

25 

12 

N.W.  by  W. 

69 

N.  40*  W. 

20 

8 

73 

31 

S.E. 

70 

N.  26'  B. 

10 

8 

30 

22 

S.W. 

71 

N.  60''  B. 

8 

6 

35 

8 

N.E.  by  N. 

72 

N.  80''  E. 

25 

10 

45 

30 

S.W. 

73 

N.  15"  E. 

18 

7 

30 

12 

N.E. 

74 

N.  60"  E. 

18 

7 

70 

30 

N.E. 

76 

N.  70"  E. 

7 

5 

65 

20 

S.E.  by  S. 

76 

N.  50"  K. 

25 

8 

48 

20 

E.  by  S. 

77 

N.  60"  E. 

12 

10 

40 

12 

N. 

78 

N.  60"  E. 

25 

18 

60 

20 

W.S.W. 

79 

N. 

20 

20 

30 

20 

s. 

80 

N.  80"  E. 

18 

7 

48 

18 

S.byW 

81 

N.  80"  E. 

18 

8 

49 

20 

s. 

82 

N.  80"  E. 

45 

10 

66 

26 

N.  by  W. 

83 

N.  90"  E. 

7 

4 

18 

10 

N.N.E. 

84 

N.  70"  E. 

45 

16 

60 

26 

N.E.  by  N. 
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85 

N.  35"  E. 

16 

6 

35 

13 

S.W.  by  S. 

86 

N.  20"  E. 

45 

8 

60 

12 

N.E.  by  N. 

87 

N. 

25 

9 

45 

25 

N.  by  W. 

88 

N.    5"W. 

10 

6 

38 

16 

S.  by  E. 

89 

N.  60"  E. 

34 

10 

40 

20 

S.  by  W. 

90 

N  45"  E. 

20 

12 

25 

10 

E.  by  N. 

91 

N.  20"  E. 

30 

20 

80 

35 

S.S.W. 

92 

N.  90"  E. 

40 

10 

90 

30 

S.E.  by  E. 

93 

N.  80"  E. 

8 

4 

75 

8 

S.B.  by  S. 

94 

N.  40"  E. 

32 

7 

70 

35 

S.  by  E. 

95 

N.  60"  E. 

60 

30 

40 

10 

W. 

96 

N.  40"  E. 

18 

10 

90 

25 

N.W. 
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On  the  mainland  east  of  Wood^s  HoU— continued. 


97 

N.  80'  W. 

S 

4 

60 

12 

E.  by  N. 

98 

N.  45'  E. 

12 

5 

60 

12 

N.E.  by  W. 

99 

N.  30'  B. 

40 

12 

100 

50 

N.K. 

100 

N.  45'  W. 

40 

20 

80 

30 

N.E. 

101 

X.  10'  w. 

8 

4 

30 

12 

N.  by  W. 

102 

N.  80'  E. 

23 

8 

40 

15 

N.E.  by  B. 

103 

N.  35'  R 

55 

28 

75 

45 

E.  by  N. 

104 

N.  35'  W. 

10 

6 

25 

12 

S.E.  by  S. 

106 

N.  10'  W. 

30 

9 

70 

20 

106 

N.  46'  E. 

35 

7 

50 

10 

However,  these  represent  certainly  less  than  one-tenth,  pos- 
sibly less  than  one- fifteenth  of  all  that  are  to  be  found  within 
the  region  examined.  Upon  farther  examination  I  find  that 
while  there  are  large  numbers  upon  the  south  slope  of  the 
moraine,  and  some  too  of  very  large  dimensions,  yet  by  far 
the  greatest  number  and  the  largest  are  upon  the  side  froln 
which  the  glacier  came,  and  this  is  what  we  should  expect  if 
the  kettle-holes  mark  the  localities  where  fragments  of  ice  were 
broken  off  from  the  face  of  the  glacier  and  buried,  wholly  or 
in  part,  by  the  earth  and  stones  borne  down  by  the  ice-sheet. 
Also  the  direction  of  the  longer  axis  is  just  what  we  should 
most  naturally  expect  in  kettle-holes  made  by  such  ice-masses. 
Certainly  they  are  not  uniformly  parallel  to  the  face  of  the  gla- 
cier, nor  would  we  expect  them  to  be  so ;  yet  an  examination 
of  the  map  and  tables  accompanying  this  and  the  former  arti- 
cle  will  show  that  their  general  direction  approximates  to  this. 

One  inquirer  asks,  "Are  the  basins  on  the  crest  of  the  mo- 
raine more  frequently  transverse  to,  and  those  on  the  inner 
slope  more  apt  to  be  parallel  with,  the  moraine  or  following  the 
configuration  of  the  country  toward  outlets  or  gaps  through 
the  moraine?" 

Upon  a  careful  examination  of  the  facts,  both  in  the  field 
and  those  of  formerly  recorded  measurements,  I  fail  to  discover 
any  such  law.  The  question  was  asked  in  the  light  of  the  pos- 
sibility of  the  kettle-holes  being  made  by  streams  of  water 
f)ouring  from  the  face  of  the  glacier  and  eroding  along  the^ 
ines  of  freest  discharge,  somewhat  after  the  manner  of  streams 
of  the  present,  gouging  out  deep  holes  along  their  beds  which 
are  connected  by  very  shallow  rills  at  low  water :  or,  as  often 
occurs  in  western  streams  in  dry  seasons,  leaving  deep  holes  as 
small  ponds  or  pools  with  no  water  flowing  from  one  to  the 
other.  No  such  arrangement  can  be  made  out  among  the 
kettle-holes  of  this  region  for  they  are  distributed  singly  and 
in  groups  without  any  connection  or  arrangement  indicating 
that  they  were  made  by  torrents  of  flowing  watera  At  one 
point  on  the  south  side  of  Naushon,  in  an  open  space  near 
Tarpaulin  Cove,  there  are  twelve  or  fifteen  of  medium  size,  very 
closely  packed  together,  and  so  completely  without  arrangement 
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that  they  seem  to  have  no  re- 
lation whateverone  to  another; 
and  many  other  localities  are 
quite  as  remarkable  for  the 
great  number  and  size  of  their 
kettle-holes.  Often  when  two 
of  these  depressions  are  near 
each  other  tne  highest  border 
of  each  is  between  them  and 
their  outlets  in  opposite  direc- 
tions. And  again  it  is  often 
found  that  the  slope  of  the 
outlet  is  even  as  high  as  30^, 
which  would  preclude  the  idea 
of  flowing  waters  making  them; 
for  it  would  be  very  difficult 
to  secure  such  a  flow  of  waters 
as  would  scoop  out  a  cavity 
on  so  gigantic  a  scale  as  some 
of  these  kettle-holes  and  carry 
the  material  up  an  inclined 
plane  several  rods  in  length 
at  an  angle  of  over  30°,  possi- 
bly 40®,  for  some  of  them 
were  of  the  steeper  angle  when 
made.  And  further,  if  they 
had  been  scooped  out  by 
water,  and  the  mud  and  fine 
material  carried  away  they 
would  have  been  left  at  least 
partly  filled  with  bowlders, 
but  the  bottoms  and  largely 
the  sides  are  quite  free  from 
them.  Those  found  at  the 
bottom  of  the  depressions 
have  probably  been  exposed  by 
erosion  and  then  rolled  down 
from  some  of  the  surrounding 
slopes,  for  the  washing  of  ma- 
terial from  the  sides  into  the 
pits  during  the  ages  since  the 
Glacial  period  would  be  suffi- 
cient to  expose  the  bowlders 
as  we  find  them  now. 

Nor  does  an  examination  of 
the  general  arrangement  of  the 
outlets  to  the  kettle-holes  (by 
the  outlet  I  mean  the  lowest 
point    in    the    rim),   indicate 
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that  flowing  water  made  them,  for  often  if  they  were  made  in 
this  way  the  water  must  have  found  its  way  directly  back  into 
the  face  of  the  glacier  if  the  lowest  point  is  any  indication  as 
to  the  direction  of  the  flow. 

We  find  kettle-holes  also  below  sea-level.  There  is  one  in 
Great  Harbor,  at  Wood's  Holl,  nineteen  fathoms  deep  with  shal- 
low water  all  around ;  and  it  is  said  that  it  has  been  gradually 
filling  within  the  memory  of  men.  One  in  Vineyard  Sound  is 
forty  fathoms  deep  with  the  water  only  ten  on  its  borders. 
Professor  Verrill  also  informs  me  of  another  off  Cape  Ann  ninety 
fathoms  deep  while  the  water  about  is  from  thirty  to  forty. 

Upon  conversing  with  the  various  naturalists  of  our  United 
States  Fish  Commission  corps  who  are  familiar  with  the  geo- 
logical features  about  Vineyard  Sound,  and  more  especial]y 
Professors  Baird  and  Verrill,  they  express  themselves  very 
decidedly  of  the  opinion  that  flowing  water  could  not  be  the 
agency  that  made  them.  ''The  structure,  arrangement,  and 
all  their  features  utterly  preclude  the  idea."  Also  Professor 
Linton,  who  has  accompanied  me  each  year  in  a  part  of  my 
studies,  is  of  the  same  opinion. 

There  is  one  place  between  Wood's  Holl  and  Falmouth, 
however,  where  it  is  very  evident  that  a  stream  did  flow  to  the 
south  from  among  the  hills,  and  the  bed  and  sides  of  this  are 
very  different  from  the  ordinary  slopes  and  bottom  of  the 
kettle-holes.  The  former  are  almost  paved  with  bowlders  just  as 
we  should  expect  to  find  them  in  the  bed  of  a  stream  flowing 
through  such  material  as  the  glacial  drift,  while,  as  stated 
above,  the  kettle-holes  are  quite  free  from  them. 

There  are  also  evidences  two  miles  west  of  Tarpaulin  Cove, 
on  the  south  side  of  Naushon,  that  a  glacial  stream,  of  no  mean 
proportion,  swept  from  among  the  hills  in  the  center  of  the 
island  into  Vineyard  Sound.  The  exact  windings  of  the 
stream  are  easily  traced,  and  just  to  the  west  of  its  mouth  strat- 
ified deposits  are  found  cropping  out  in  the  bluff  seventy-five 
feet  above  mean  tide;  but  this  river  channel,  unlike  the  one 
found  on  the  mainland  east  of  Wood's  Holl,  has  few  bowlders 
in  it  because  of  the  fineness  of  the  material  composing  the 
west  end  of  the  island,  and  the  notable  absence  usually  of 
large  rock" fragments  especially  at  this  point. 

Stratified  deposits  composed  of  clay  and  sand  more  or  less 
fine  are  found  in  various  other  localities.  Beyond  Quisset 
Harbor  nearly  to  the  extreme  northeast  point  visited,  a  finely 
laminated  clay  bed  several  feet  in  thickness  and  covering  con- 
siderable area  is  found  with  no  coarse  material  over  it  but 
large  bowlders  near  by.  At  several  points  on  the  road 
between  Wood's  Holl  and  Falmouth  thin  beds  of  stratified 
material  are  found,  one  of  which  dips  at  an  angle  of  about 
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thirty  degrees;  but  most  likely  this  is  due  to  local  displace- 
ment, perhaps  a  sliding  of  a  bank  rather  than  a  general 
disturbance  of  the  surface  of  the  region.  These  stratified 
deposits  are  found  in  a  great  many  localities,  both  upon  the 
mainland  and  the  islands,  and  often  upon  the  highest  points 
of  the  region ;  the  most  extensive  of  all  (described  in  my 
former  article)  are  upon  the  very  summit  of  Naushon  over  two 
hundred  feet  above  the  sea.  At  times  they  are  overlaid  by 
coarse  unmodified  drift,  at  others  occupy  the  surface;  and 
upon  a  study  of  the  localities  and  the  character  of  the  deposits 
it  seems  that  they  were  made  by  the  flowing  waters  of  the 
streams  as  they  ran  from  the  face  of  the  glacier  and  found  their 
way  over  the  terminal  moraine  into  the  sea  beyond. 

Doubtless  the  borders  of  the  kettle-holes  were  much  higher 
air  the  close  of  the  Glacial  period,  and  the  depressions  them- 
selves much  deeper ;  and  perhaps  we  can  safely  add  one-third  or 
one-half  to  the  measurements;  and,  as  mentioned  elsewhere, 
the  angle  of  the  slope  has  been  much  reduced;  however,  no 
excavation  or  railroad  cut  has  yet  afforded  an  opportunity  for 
the  examination  of  the  formations  at  the  bottom  of  these 
depressions. 

It  will  be  noticed  that  just  east  of  Quisset  Harbor  the  gen- 
eral direction  of  the  long  axes  changes,  and  instead  of  having 
the  same  trend  with  those  on  the  Elizabeth  Islands  and  the 
point  of  the  peninsula  near  the  village  of  Wood's  Hoi  I,  it 
swings  around  toward  the  north  to  about  N.  25°  or  30°  E. ; 
and  just  here  Mr.  Warren  Upham  made  an  angle  in  the  ter- 
minal moraine.* 

Clarence  King,  Mr.  Upham  and  others  make  the  Elizabeth 
Islands  and  the  line  of  hills  about  Wood's  Holl,  Falmouth, 
Quisset,  etc,  a  portion  of  an  inner  moraine,  and  Martha's 
Vineyard,  Nantucket,  etc.,  marking  the  outer.  I  have  not 
been  able  to  devote  any  time  to  the  study  of  the  outer  moraine 
upon  the  islands  except  to  note  a  few  features  of  No  Man's 
Land.  It  has  been  asserted,  but  certainly  by  those  who  have 
not  examined  the  island  carefully,  that  the  south  shore  is  in 
large  part  made  up  of  ledges,  but  a  visit  failed  to  discover 
thpm.  However  clear  evidences  of  large  beds  of  stratified 
material,  doubtless  of  the  so-called  Tertiary,  similar  to  some  of 
those  at  Gay  Head  at  the  west  end  of  Martha's  Vineyard, 
extend  along  the  south  shore  in  a  cliff  seventy-five  feet  high, 
with  a  layer  about  five  feet  thick  of  very  coarse  unstratified 
material  upon  the  top.  These  stratified  beds  have  a  strike  of 
N.  50°  W.,  dip  25°  N.E.  There  are  also  stratified  deposits 
cropping  out  along  the  east  side  of  the  island,  and  the 
encroachments  of  the  sea  upon  that  part  of  the  shore  show  the 
•  This  Journal,  IIT,  vol.  xviii,  p.  203. 
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edge  of  a  considerable  deposit  of  peat  in  a  depression  some 
forty  feet  above  the  sea.  We  were  informed  by  one  well 
acquainted  with  the  island  that  a  pole  thrust  down  into  it 
shows  the  bed  to  be  twenty  feet  thick. 

Bemote  from  the  sea,  upon  Naushon  and  the  other  islands, 
there  are  found  lar^e  numoers  of  shells  of  both  lamellibranch 
and  gasteropod  mollusks,  often  unbroken,  and  even  the  valves 
of  the  lamellibranchs  not  separated,  the  carapaces  and  at  times 
whole  crabs,  shells  of  barnacles,  etc.,  which  are  carried  there 
by  the  birds,  more  particularly  by  the  crow,  as  it  is  found  that 
they  depend  largely  upon  these  animals  for  their  food.  Doubt- 
less these  animal  remains  are  buried  and  preserved  by  the 
drifting  sands,  and  this  fact  possibly  should  modify  the  views 
of  those  who  would  draw  very  sharp  lines,  upon  the  ground  of 
fossils  alone,  between  marine  sedimentary  and  other  deposits. 
Also  ripple-marks  made  by  the  winds,  and  as  perfect  as  are 
ever  formed  by  the  waters,  were  found  covering  considerable 
areas  in  the  sands  high  above  the  sea. 


Art.    LXIV. — Cause   of   tixe    apparently    perfect  cleavage    in 
American  Sphene  {Titanite);  by  Geo.  H.  Williams. 

Many  minerals,  like  diallage,  bronzite,  sanidine,  etc.,  are 
known  to  possess  a  "  parting  "  (German  Absonderung)  in  certain 
directions  which  is  essentially  different  from  a  true  cleavage. 
This  may  be  due  to  interrupted  growth  of  the  crystal,  to  regu- 
larly arranged  inclusions  or  to  other  causes  not  always  easy  to 
explain.  Professor  G.  vom  Rath  of  Bonn  has  recently  demon- 
strated that  the  very  perfect  parting,  which  exists  in  some 
varieties  of  pyroxene  parallel  to  the  basal  pinacoid,  is  produced 
by  the  interposition  of  exceedingly  thin  twinning  lamellae.* 
These  are  so  very  narrow  (i-i°*")  that  they  were  for  a  long 
time  entirely  overlooked.  This  structure  is  especially  charac- 
teristic of  the  salite  occurring  so  abundantly  in  northern  New 
York  and  Canada,  and  seems  always  to  be  due  to  the  same 
twinning  lamellae  which  vom  Bath  first  observed  in  crystals 
of  diopside  from  Achmatowsk  in  the  Urals. 

In  hornblende  such  a  parting  parallel  to  the  basal  plane  is 
very  exceptional,  although  it  is  nas  been  observed  by  the  writer 
in  certain  dark  brown  crystals  from  South  Pierrepont,  St.  Law- 
rence Co.,  N.  Y.  It  is  here  also  due  to  the  presence  of  twin- 
ning lamellae  as  in  the  case  of  salite.  The  same  parting  pro- 
duced by  twinning  lamellae  inserted  parallel  to  the  faces  of  the 

*  ZeitBchrift  fiir  Krystallograpbie,  r,  p.  495.    18IL 
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fundamental  rhombohedron  is  well  known  in  corundum  and 
hematite  crystals  from  many  localities. 

During  his  recent  visit  to  this  country,  Professor  vom  Rath 
suggested  to  the  writer  that  the  apparently  perfect  cleavage  so 
often  observed  in  the  American  sphene  might  be  due  to  pre- 
cisely the  same  cause,  and  such  indeed  upon  investigation 
turns  out  to  be  the  fact. 

The  cleavage  of  sphene  is  variously  given  by  different 
authors,  and  seems  not  to  be  at  all  constant  in  specimens  from 
different  localities.  As  early  as  1840,  Professor  0.  U.  Shepard 
figured  and  described  crystals  from  Natural  Bridge,  Lewis  Co., 
N.  Y.,  and  from  Grenville  in  Canada,  upon  which  two  appar- 
ently perfect  cleavages  were  observed  meeting  at  an  angle  of 
123^  80',  or  as  afterward  more  accurately  determined  by 
Brooke,  125^  30'.  The  somewhat  abnormal  habit  of  these 
crystals  together  with  this  cleavage  seemed  to  Professor  Shep- 
ard a  sufGicient  ground  for  designating  them  as  a  new  species, 
which  he  did  under  the  name  of  lederite,*  In  speaking  of  the 
"  Gelbmenakerz  "  of  Werner,  a  massive  variety  of  sphene  from 
Arendal  in  Norway,  Professor  Quenstedt  says:  "Ihr  Aussehen 
erinnert  an  Spatheisenstein,  allein  wir  haben  nur  zwei  blattrige 
Brtiche,  die  sich  etwa  unter  125^  schneiden,  aber  mehr  schaligen 
Absonderungen  gleichen."f  The  same  cleavage  angle  (125^®) 
is  also  given  by  Blomstrand  as  occurring  in  the  variety  of 

sphene  from  Smaland,  Sweden,  recently  named  by  him  alshe- 
dite4 

The  sphene  which  occurs  so  abundantly  in  this  country 
associated  with  various  silicates  or  with  apatite  in  the  lime- 
stones of  the  Laurentian,  is  almost  always  of  a  chocolate-brown 
color,  and  shows  when  in  distinct  crystals  the  habitof  the  variety 
called  by  Shepard  lederite,  (see  figure).  Whenever  anything 
resembling  a  cleavage  is  present,  the  surfaces  meet  under  the 
angle  given  above,  corresponding  to  that  of  the  pyramid  — 4P 
(according  to  Dana).  This  is,  however,  not  a  true  cleavage  but 
a  parting  caused  by  repeated  twinning,  as  in  the  case  of  salite. 

That  the  exact  position  of  these  lamellae  may  be  better 
understood,  a  figure  of  a  crystal  of  the  lederite  type  is  here 
given  with  the  following  table  of  the  different  symbols  assigned 
to  the  planes  by  G.  Eose,§  Des  Cloizeaux,||  and  Professor  J.  D. 
Dana.t 

*  This  Journal,  I,  xzxiz,  p.  357.    1840. 

f  Handbuch  der  Mineralogie,  3d  ed.,  p.  440.    1877. 

!Dana,  Syst  Min.,  Ill  Appendix,  p.  122. 
De  Sphenis,  etc.    Inang.  Disser.,  Berlin,  1820. 
Manuel  de  Min.,  i,  p.  146.     1862. 
Syst.  Min.,  5th  ed.,  p.  384.    (The  signs  of  the  hemipyramids  are  changed 
to  accord  with  general  usage.) 
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-4P       (4) 
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The  face  3y  is  not  common.  It  has  been  observed  by  Des 
Cloizeaax  on  greenovite,  the  manganese  sphene  from  St.  Marcel, 
Piedmont,*  and  by  Hessenberg  on  crystals  from  Pfitsch  in 
Switzerland.f  It  is  also  present  on  several  crystals  of  the 
lederite  habit  in  my  possession,  occurring  with  apatite  in  a  red 
calcite  near  Eganville,  Eenfrew  Co.,  Canada,  This  face  lies  in 
the  zone  y:r  and  makes  with  y  an  angle  of  130®  27' — (calcu- 
lated 180°  45'  ^es  CI.)).  In  one  of  tne  crystals  showing  this 
plane  the  parting  is  exceptionally  well  developed;  and  the 
simultaneous  reflections  from  both  the  crystal  plane  and  part- 
ing surface  shows  that  they  are  exactly  parallel. 

The  most  perfect  development  of  tnis  parting  which  I  have 
anywhere  observed  is  in  the  silvery-brown  sphene,  associated 
with  the  white  microcline  and  green  malacolite  from  Pitcairn,  St 
Lawrence  Co.,  N.  Y.  These  minerals  are  found  imbedded  in 
a  coarse  grained  calcite  and  all  have  their  faces  and  angles  so 
rounded  that  accurate  crystallographic  determinations  are  very 
difficult.  The  malacolite  shows  a  perfect  parting  parallel  to 
OP.  In  the  sphene  the  parting  is,  as  a  rule,  much  more  per- 
fectlv  developed  parallel  to  one  pyramid  face  than  it  is  parallel 
to  the  other.  After  a  number  of  trials  such  pieces  were 
obtained  as  gave  equally  distinct  reflections  from  both  surfaces 
and  the  angle  between  them  was  determined  by  measurement 
to   be   125*^   26'.     The  calculated   angle,   as  given    by   Des 

♦  Manuel  de  Min.,  i,  pi.  xli,  fig.  245.     1862. 

t  Mineral.  Notizen,  No.  4,  p.  18,  figs.  14,  15,  18,  19.     1861. 
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Cloizeaux,''^  between  rj/^rj  is  125^  42^  so  that  the  agreement  is 
as  great  as  could  be  expected  in  consideration  of  the  reflections 
never  being  perfectly  sharp. 

The  frequent  total  absence  of  this  parting  in  one  portion 
of  a  crystal  wbien  it  is  highly  developed  in  another  part, 
as  well  as  the  fact  that  it  is  to  be  found  parallel  to  only  one  of 
the  two  pyramidal  faces,  shows  that  it  is  not  to  be  regarded  as 
a  true  cleavage. 

It  is  furthermore  easy  to  convince  oneself  by  a  careful  in- 
spection of  such  crystals  as  show  it  roost  perfectly,  that  this 
f)arting  is  really  due  to  repeated  twinning.  The  interposed 
amellee  are  so  narrow  as  to  be  readily  overlooked.  They  run 
around  the  crystal  in  the  direction  indicated  in  the  figure — 
though  of  course  in  much  greater  numbers — meeting  the  edge 
r/vr  at  an  angle  of  about  16^  On  the  crystals  from  Pitcairn 
especially,  the  lamellae  are  sometimes  broad  enough  to  ^ve 
bright  reflections  of  their  own,  and  in  one  case  it  was  possible 
to  measure  the  inclination  of  the  face  r  to  the  lamellae  travers- 
ing it  as  159®  17'.  The  truly  hemitropic  character  of  these 
lamellae  is  best  shown  in  polarized  light.  A  section  of  a  Pit- 
cairn crystal  cut  parallel  to  one  of  the  parting  surfaces  showed 
parallel  bands,  similar  to  those  observed  in  calcite,  when  this 
mineral  is  twinned  according  to  — i/?.  The  width  of  these 
bands  varies  from  |-  to  ^  of  a  millimeter,  each  one  frequently 
appearing  to  be  made  up  of  innumerable  narrower  ones.  They 
often  change  in  width  and  sometimes  either  pinch  out  gradually 
or  suddenly  disappear.  No  accurate  measurements  of  the 
angle  of  extinction  of  these  bands  could  be  made  on  account 
of  the  very  high  refractive  index  of  the  mineral. 

There  seems,  therefore,  to  be  little  doubt  that  the  apparently 
perfect  cleavage,  so  characteristic  of  much  of  the  American 
sphene  is  produced  by  a  polysynthetic  twinning  parallel  to  the 
face  3y  (=  — 4P  Dana,  — 2P  Des  Cloizeaux,  fPA  Eose),  a  fact 
that  is  of  interest  as  well  for  being  a  new  twinning  law  for  this 
mineral  as  an  explanation  of  its  characteristic  parting. 

In  light  of  the  recent  investigations  by  Mugge,f  F6rstner:j: 
and  others,  on  the  production  of  secondary  twinning  lamellae 
by  pressure,  it  seems  not  improbable  that  the  above  described 
structure  in  sphene  may  be  also  due  to  the  same  cause.  This 
seems  the  more  likely  since  all  the  other  minerals  associated 
with  the  sphene  from  Pitcairn,  in  which  the  parting  is  most 
perfectly  developed,  show  in  a  greater  or  less  degree  effects  of 
the  same  kind.     The  calcite  in   which   all  the  minerals  are 

*  Manuel  de  Mln.,  i,  p.  148,  1862. 

fNeues  Jahrbuch  fvir  Min.,  etc.,  1883,  i,  p.  32;  ib.,ii,  p.  13 ;  ib.,  1884,  i,  p.  216. 

iZeitscbrif^  fur  KrystaUograpbic,  vol.  is,  361,  1884. 
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imbedded  always  has  poljsynthetic  lamell»  parallel  — iB,  the 
green  malacolite  has  a  very  perfect  parting  due  to  twinning 
lamellsd  parallel  OP,  while  even  the  white  feldspar  crystals 
(microcline)  possess  in  the  greatest  perfection  that  peculiar  mi- 
croperthitio  interlamination  of  albite  substance  which  Lehmann 
has  also  ascribed  to  the  action  of  powerful  pressure.^ 
Petrographical  Laboratory,  Johns  Hopkins  IJniyerRitj,  March  26,  1886. 


SCIENTIFIC     INTELLIGENCE. 

I.  Chemistry  and  Physios. 

1.  Report  on  the  results  of  an  investigation  as  to  the  chem- 
iced  methods  in  use  for  the  determination  of  orqanie  matter  in 
potable  water;  bjr  Professor  J.  W.  Mallet,  P.R.S.,  University 
of  Virginia  (forming  appendix  D  to  the  Annual  Report  of  the 
National  Board  of  Health  for  1882,  pp.  189-353,  with  48  tables 
and  several  woo^-cut  figures). — ^A  preiiminarv  report  on  the  gen- 
eral results  of  this  investigation  was  pnblished  oy  the  National 
Board  of  Health  some  three  years  a^o,  out  the  full  report  has  bat 
recently  appeared,  g[iving  all  details  as  to  the  kinds  of  water 
examined,  the  analytical  methods  investigated,  the  tests  to  which 
these  were  subjected,  the  results  obtained,  and  the  conclusions 
reached  from  these  results. 

The  specimens  of  water  examined  — 161  in  number — were 
grouped  under  the  following  heads: 

Class  L — Natural  waters,  believed  from  actual  use  to  be  of 
good,  wholesome  character,  including  the  regular  water  supply  of 
some  of  the  principal  cities  of  the  United  States. 

Class  II. — Natural  waters  which  there  seems  to  be  fair  around 
for  believing  have  actually  caused  disease  on  the  part  of  those 
drinking  them.  A  request  for  information  as  to  such  waters,  and 
for  samples  of  them,  was  published  for  several  months  in  the 
National  Board  of  Health  Bulletin,  and  was  extensively  copied 
into  newspapers  and  {)rofe8sional  journals,  and  a  copious  corres- 
pondence with  physicians  and  others  in  various  parts  of  the 
country  was  employed  to  secure  such  samples  and  to  sift  the  evi- 
dence as  to  the  supposed  connection  of  each  water  with  the  pro- 
duction of  disease. 

Class  III. — ^Natural  waters  of  doubtful  but  more  or  less  sus- 
pected character.  In  reference  to  these  the  medical  evidence 
was  insufScient  to  justify  placing  them  in  class  U. 

Class  IV. — Artificially  prepared  waters,  made  by  adding  ta 
good,  wholesome  water,  determinate  amounts  of  various  infusions 
of  vegetable  organic  matter,  of  natural  origin,  and  of  such  kinds 
chiefly  as  water  for  human  consumption  is  liable  to  come  in  con- 
tact with. 

*  UntersuchungeD  uber  die  Entstehung  der  altkiystallinischeD  Schiefergesteine. 
Bona,  1884,  p.  217. 
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Class  y. — Artificially  prepared  waters,  made  as  above,  witb 
varioas  forms  otfyegetable  refuse  from  maDafacturing  or  industrial 
operations. 

Class  VI. — Artificially  prepared  waters,  as  above,  made  with 
animal  (or  partly  animal)  organic  matters  of  natural  origin, 
especially  such  as  are  likely  to  occur  in  connection  with  the  con- 
tamination of  drinking  water. 

Class  YII. — ^Artificially  prepared  waters,  as  above,  made  with 
animal  refuse  from  manufacturing  or  industrial  operations. 

Class  VIII. — Artificially  prepared  waters,  as  above,  to  which 
had  been  added  morbid  products  from  certain  diseases  in  the 
human  subject. 

Class  lA. — Solutions,  in  distilled  water,  of  carefully  determined 
amounts  of  pure  organic  substances  of  definite  chemical  compo- 
sition. 

The  three  methods,  with  various  modifications  of  the  same,  for 
the  determination  of  organic  matter  which  were  investigated 
were: 

(1)  The  '* combustion  process"  of  Frankland  and  Armstrong; 
(2)  The  '^  albuminoid-ammonia  process  "  of  Wanklyn,  Chapman 
and  Smith ;  and  (8)  The  '^  permanganate  process,"  originally  sug- 
gested by  Forchhammer,  in  the  forms  advocated  by  Tidy  and 
&ubel  respectively. 

The  specimens  of  water,  supplied  under  precisely  similar  condi- 
tions, were  simultaneously  examined  by  these  methods  in  the 
hands  of  three  independent  analysts,  well  trained  for  the  work, 
one  in  Baltimore,  one  in  Washington,  and  one  at  the  University 
of  Virginia — all  quite  ignorant  of  the  history  and  character  of 
the  specimens  submitted  to  them,  these  specimens  bein|B^  desig- 
nated solely  by  an  arbitrary  series  of  numbers. 

At  the  same  time  a  microsco{)ic  examination  of  each  water  was 
made  and  a  pathological  investigation  of  its  efiect  (when  concen- 
trated by  evaporation  at  very  low  temperature)  upon  rabbits 
by  hypodermic  injection,  under  the  direction  of  Professor  H. 
Jewell  Martin,  of  the  Johns  Hopkins  University. 

A  detailed  criticism  of  each  of  the  methods  examined  is  given, 
noticing  the  special  advantages  and  defects  of  each,  with  sag^es- 
tions  for  the  practical  modification  of  these  methods  with  a  view 
to  their  improvement. 

The  chief  interest  of  this  report  in  its  complete  form  consists  in 
the  study  by  comparison  with  each  other  of  the  results  given  in 
the  series  of  tables,  illustrating  pretty  fully  the  bearing  of  the 
different  conditions  involved — character  of  water  examined,  state 
in  which  its  organic  matter  was  present  when  examined,  precise 
conditions  of  application  of  the  methods  used,  different  character 
of  the  results  deducible  from  each  of  these,  etc. 

The  most  important  general  conclusions  arrived  at  as  to  the 
value  for  sanitary  purposes  of  the  different  processes  studied  are 
the  following : 

(1.)  It  is  not  possible  to  decide   absolutely  upon   the  whole- 
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someness  or  nnwhoIeBomeness  of  a  drinking  water  by  the  mere 
use  of  any  of  the  processes  examined  for  the  estimation  of  organic 
matter  or  its  constituents. 

(2.)  In  judging  the  sanitary  character  of  a  water  not  only  must 
such  processes  be  used  in  connection  with  the  investigation  of 
other  evidence  of  a  more  general  sort,  as  to  the  source  and  his- 
tory of  the  water,  but  should  even  be  deemed  of  but  secondary 
importance  in  weighing  the  reasons  for  accepting  or  rejecting  a 
water  not  manifestly  unfit  for  drinking  on  other  grounds. 

(8.)  There  are  no  sound  grounds  on  which  to  establish  such 
general  '^  standards  of  purity  "  as  have  been  proposed  looking  to 
exact  amounts  of  organic  carbon  or  nitrogen,  *^  albuminoid- 
ammonia,''  oxygen  of  permanganate  consumed,  etc.,  as  permissi- 
ble or  not.  Distinctions  drawn  by  the  application  of  such 
standards  are  arbitrary  and  may  be  misleading. 

(4.)  Two  entirely  legitimate  directions  seem  to  be  open  for  the 
useful  examination  by  chemical  means  of  the  organic  constituents 
of  drinking  water,  namely :  first,  the  detection  of  very  gross  pol- 
lution, such  as  the  contamination  of  the  water  of  a  well  by 
accidental  bursting  or  crushing  of  soil-pipes,  leakage  of  drains, 
etc.;  and  secondly,  the  periodical  examination  of  a  water  supply, 
as  of  a  great  city,  in  order  that,  the  normal  or  usual  character  of 
the  water  having  been  previously  ascertained,  any  suspicious 
changes  which  from  time  to  time  may  occur,  shall  be  promptly 
detected  and  their  cause  investigated. 

(5.)  In  connection  with  this  latter  application  of  water  analysis 
there  seems  to  be  no  objection  to  the  establishment  of  local 
*'  standards  of  purity  "  for  drinking  water,  based  on  sufficiently 
thorough  examination  of  the  water  supply  in  its  usual  condition. 

(6.)  The  facts  of  this  investigation  tend  to  show  that  special 
and  very  great  importance  should  be  attached  to  a  careful  deter- 
mination of  the  nitrites  and  nitrates  in  water  to  be  used  for 
drinking.  Ko  aspect  in  which  the  good  and  bad  natural  waters 
have  been  compared  has  afforded  so  definite  a  result  as  this. 

(7.)  In  watching  a  large  city  water  supply  use  should  be  made 
of  all  three  of  the  principal  processes  for  the  examination  of  the 
organic  matter  present ;  each  gives  a  certain  kind  of  information 
which  the  others  do  not  afford.  Under  circumstances  admitting 
only  of  the  use  of  simple  means  of  investigation,  the  albuminoid- 
ammonia  and  permanganate  processes  might  be  employed 
together,  but  in  no  case  should  one  only  of  these  methods  be 
resorted  to,  such  a  course  entailing  practically  the  neglect  of 
carbon  on  the  one  hand  or  nitrogen  on  the  other. 

Among  the  more  interesting  special  conclusions  reached  may 
be  quoted  the  following : 

(1.)  Distinct  proof  has  been  obtained  that  in  the  ^^  combustion 
process"  there  are  two  constantly  present  errors,  varying  but 
usually  important  in  amount,  namely :  loss  of  carbon  during  the 
evaporation  of  the  water,  and  gain  of  nitrogen  from  ammonia  in 
the  atmosphere  surrounding  the  gas  fiame,  the  latter  probably 
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partly  balanced  by  loss  of  nitrogen  originally  present  in  the 
water. 

(2.)  It  has  been  shown  that  within  a  practically  reasonable 
time  enough  water  for  the  application  of  the  combastion  process 
may  be  evaporated  in  a  closed  vessel  and  under  greatly  redaced 
pressure  at  a  temperature  but  little  over  30°  C,  and  that  decid* 
edly  improved  results  may  be  obtained  by  thus  modifying  the 
process. 

(3.)  In  regard  to  the  Wanklyn  " ammonia  process"  it  has  been 
ascertained  that  in  the  determination  both  of  ^'  free  "  and  '^  albu- 
minoid ''  ammonia  there  is  a  loss,  sometimes  quite  considerable  in 
amount,  i*esulting  from  imperfect  condensation  of  the  ammonia 
during  distillation. 

(4.^  In  the  application  of  the  same  process  it  has  been  proved 
that  m  some  cases  nitrogenous  organic  matter  is  volatilized  dur- 
ing the  distillation  for  ''free"  ammonia,  and  the  amount  of 
so-called  ''  albuminoid  "  ammonia  thus  made  to  appear  less  than 
it  should  be. 

(5.)  As  regards  the  '^  permanganate  process  "  it  seems  that  the 
amount  of  oxygen  consumed  by  a  specimen  of  water  is  probably 
in  all  ordinary  cases  much  below  that  required  for  complete  oxi- 
dation of  the  organic  matter  present,  and  does  not  stand  in  any 
fixed  ratio  thereto.  It  cannot  be  taken  as  a  measure  either  of 
the  organic  carbon  or  of  the  total  organic  matter,  though  a  dis- 
tinct general  resemblance  can  be  traced  between  strongly  mnrked 
results,  high  or  low,  as  the  case  may  be,  for  the  consumption  of 
oxygen  on  the  one  hand  and  organic  carbon  (by  the  combustion 
process)  on  the  other. 

(6.)  The  conclusions  commonly  drawn  from  the  ratio  of  carbon 
to  nitrogen  in  the  organic  matter  of  water  as  to  this  organic  mat- 
ter being  of  vegetable  or  animal  origin  may  in  some  cases  be 
quite  erroneous.  Thus,  for  instance,  this  ratio  would  in  the  case 
of  water  contaminated  by  the  alkaline  washings  fi*om  the  manu- 
facture of  starch,  lead  to  the  belief  that  animal  matter  was 
present,  while  in  water  to  which  an  infusion  of  human  fseces  had 
been  added  the  ratio  in  question  would  indicate  vegetable 
impurity. 

(7.)  The  biological  experiments  (on  rabbits)  serve  to  show  that 
the  general  belief  in  the  greater  danger  arising  from  the  presence 
of  animal  rather  than  vegetable  organic  matter  in  water  is  not  to 
be  accepted  without  qualification  or  exception.  Most  strongly 
marked  pathological  effects  were  produced  (and  verified  by  repe- 
tition) by  water  to  which  there  had  simply  been  added  an 
infusion  of  dead  forest  leaves,  such  as  is  washed  away  in  immense 
quantity  in  autumn  and  winter  from  the  surface  of  any  woodland 
country. 

(8.)  The  very  small  absolute  amount  of  organic  matter  indi- 
cated as  present  in  many  of  the  most  dangerous  waters  examined 
furnishes  evidence  against  any  purely  chemical  theory  of  the  pro- 
duction of  disease  horn  this  source,  and  tends  to  support  the 
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belief  that  not  to  the  direct  effect  of  any  chemical  sabstances 
(such  effect  necessarily  standing  in  definite  relation  to  their  qaan- 
tity),  bufto  the  presence  of  living  organisms  with  their  power 
of  practically  unlimited  self-multiplication,  we  must  in  all  proba- 
bility look  for  an  explanation  of  most  at  any  rate  of  the  mischief 
attributable  to  drinking  water.  At  the  same  time  it  is  of  course 
possible  that  indirectly  a  large  amount  of  organic  matter  in  water 
may  be  more  dangerous  than  a  smaller  quantity,  as  furnishing  on 
a  greater  scale  the  suitable  material  and  conditions  for  the  devel- 
opment of  noxious  as  well  as  harmless  organisms. 

(9.)  The  biological  experiments  indicated  by  some  of  their 
results,  not  only  the  probability  that  the  pernicious  character  of 
certain  waters  was  referable  to  the  presence  and  action  of  living 
organisms,  but  also  the  possibility  that  a  water  containing  organic 
matter  of  any  kind  may  be  harmless  at  one  time  and  harmful  at 
another,  when  perhaps  a  different  stage  of  fermentative  or  putre- 
factive change  may  have  been  entered  upon,  and  special  organ- 
isms may  have  made  their  appearance  or  entered  upon  a  new 
phase  of  existence. 

The  Report  is  marred  by  some  typographical  errors  arising 
from  its  being  printed  without  the  proof-sheets  having  been 
submitted  to  the  author  for  correction.  The  most  important 
mistake  in  the  printing  consists  in  the  '^  general  discussion  of 
results  "  beins  given  first  as  a  reproduction  of  the  preliminary 
report,  instead  of  appearing  in  pnoper  place  at  the  end  of  the 
main  report ;  all  the  matter  from  the  lower  part  of  p.  190  to  p.  211 
inclusive,  should  be  transferred  so  as  to  come  immediately  before 
p.  307. 

Those  who  may  desire  to  see  the  Report  itself  should  applv  to 
W.  P.  DuNwooDY,  Esq.,  Secretary  of  the  National  Board  of 
Health,  Washington,  D.  C. 

2.  JRadiation  from  incandescent  lamps, — Orookbs,  from  the 
result  of  experiments  on  the  radiation  from  thermometer-bulbs  in 
high  vacua,  has  concluded  that  at  pressures  between  forty  mil- 
lionths  and  one  millionth  of  an  atmosphere  the  radiation  varies  as 
the  mean  molecular  free  path.  Captain  Abney  lately  communi- 
cated to  the  Physical  Society  of  London  the  results  of  experiments 
upon  the  radiation  from  incandescent  electric  lamps  contained  in 
thin  glass  bulbs.  It  was  found  that  from  forty  millionths  to  ten 
million ths  of  an  atmosphere  the  radiation  increases  uniformly  with 
decrease  of  pi-essure,  but  beyond  this  point  it  becomes  nearly  con- 
stant. The  amount  of  radiation  for  any  ray  of  the  spectrum  was 
then  determined  by  means  of  a  thermopile,  and  the  result  was 
then  plotted,  with  watts  as  abscisssB  and  radiation  as  ordinates. 
The  curves  for  each  kind  of  ray  were  found  to  be  hyperbolas 
with  vertical  axes.  The  result  gave  a  method  for  rendering  iden- 
tical the  quality  of  the  light  emitted  by  any  two  lamps.  The 
radiation  is  found  for  any  particular  ray,  and  by  examining  the 
curve  corresponding  to  that  ray  from  the  other  lamp  one  can  find 
for  what  number  of  watts  the  radiation  is  the  same. — Nature^ 
April  2,  1886,  p.  623.  J.  T. 
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3.  Mtasuremeni  of  low  temperatures.  —  Bl  Wboblewski  has 
compared  the  indications  of  a  hydrogen  thermometer  and  a  ther- 
mal junction.  The  hydrogen  thermometer  indicates,  below  —198^ 
C,  temperatures  lower  than  the  thermal  junction,  which  shows 
that  hydrogen  below  the  above  temperature  contracts  more  than 
the  laws  ot  Mariotte  and  Gay-Lussac  demand.  This  departure 
increases  with  the  depth  of  temperature.  Thus  the  hydrogen 
thermometer  gives  for  the  temperature  of  solidification  of  oxide  of 
carbon  and  azote  -—207°  C.  and  —214°  C.  The  thermal  junction 
gave  —199**  C.  and  —203°  C.  The  regularity  of  the  thermo- 
electric curve  shows  that  the  thermal  junction  gives  more  reliable 
indications  than  the  air  thermometer  at  very  low  temperatures. 
When  oxygen,  azote,  and  oxide  of  carbon  are  evaporated  in  a 
vacuum  the  temperature  falls  only  a  few  degrees  below  —200°  C. 
The  author  also  maintains  that  the  law  of  liquefaction  of  atmos- 
pheric air  is  not  that  of  a  simple  gas ;  but  acts  like  a  mixture  of 
which  the  components  have  different  laws  of  liquefaction. —  Comp^ 
tes  RenduSy  April  13,  1885,  p.  979.  j.  x. 

4.  Neiw  property  of  Selenium, — Webnbb  Sibmbns  has  exam- 
ined the  new  selenium  cells  made  by  Mr.  Fritts,  of  New  York, 
and  states  that  they  possess  great  sensitiveness  to  rays  of  light  of 
ceitain  refrangibility.  These  cells  consist  of  a  thin  homogeneous 
layer  of  selenium  spread  on  a  metal  plate.  This  layer  is  heated 
to  convert  it  from  amorphous  to  crystalline  selenium,  and  is  then 
coated  with  fine  gold  leaf.  One  of  the  plates  examined  by  Sie- 
mens was  not  sensitive  to  light;  when,  however,  a  galvanometer 
was  intercalated  between  the  gold  leaf  and  the  base  plate,  the 
existence  of  an  electrical  current  was  detected.  The  difference  of 
potential  was  apparently  proportional  to  the  light,  and  it  remained 
during  the  illumination.  The  infra-red  rays  did  not  produce  this 
difference  of  potential.  This  electromotive  force  increased  from 
9.30  A.  M.  to  11.35  A.  M. ;  remained  constant  for  some  time,  and 
then  decreased  to  3  p.  m. — Sitzungeberichte  der  Akad.  der  Wiesen, 
zu  Bei'lin,  Feb.  12,  1885.  j.  t. 

5.  On  the  depth  in  the  sea  to  which  light  penetrated. — MM.  H. 
LoL  and  £d.  Sabasin,  who  have  studied  the  absorption  of  light 
by  the  water  of  Lake  Geneva,  have  extended  their  researches  to 
the  water  of  the  Mediterranean.  The  photographic  plates,  which 
were  lowered  to  different  depths,  were  protected  from  the  action 
of  salt  water  by  a  bituminous  varnish,  which  was  removed  by 
spirits  of  turpentine  and  alcohol  before  the  plates  were  developed. 
The  authors  conclude  from  their  experiments  that  during  the  month 
of  March,  at  midday  and  under  a  clear  sky,  the  diurnal  rays  are 
arrested  at  a  depth  of  400°". —  Comptes  Rendus,  April  13,  1885, 
pp.  991-994.  J.  T. 

6.  Thermo-electric  piles. — ^The  Clamond  battery  is  constructed 
of  couples  of  iron  or  nickel  and  an  alloy  of  antimony  and  zinc. 
M.  Clamond  and  M.  Carpenter  have  lately  greatly  increased  the 
efSciency  of  this  battery.  One  model  consisting  of  120  elements 
gave  8  volts  and  had  an  internal  resistance  of  3 '2  ohms;  another 
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of  60  elements  gave  3*6  volts  with  an  internal  resifitance  of  0-65 
ohms.  The  amount  of  gas  consumed  by  both  models  was  180 
liters  per  hour. 

II.   Geology  akd  Mineralogy. 

1.  International  Qeotogiccd  Congress. — ^The  third  session  of  the 
International  Geological  Congress  will  be  opened  at  Berlin  on  the 
28th  of  September,  under  the  honorary  presidency  of  Dr.  H.  von 
Dechen,  and  will  continue  to  October  dd.  Geological  excursions 
will  occupy  from  the  6th  to  the  10th  of  October.  Those  intend- 
ing to  be  present  should  announce  it  soon  to  the  secretary  of  the 
Committee  of  Organization,  Berlin,  No.  44  Invalidenstrasse,  with 
a  mention  of  residence  and  position.  The  fee  for  new  members, 
12  francs,  may  be  sent  with  the  letter  announcing  the  proposed 
attendance. 

2.  Pemhst/lvania  Geological  Atlas  of  Counties.  —  Professor 
liesley,  the  Director  of  the  Geological  Survey  of  Pennsylvania, 
has  published,  in  octavo  form,  an  atlas  of  County  geolog^ical  maps, 
sixty-seven  in  number  and  admirable  in  all  respects,  together  with 
introductory  text  containing  a  general  account  of  the  several 
counties  both  topographical  and  geological.  It  is  exceedingly 
gratifying  to  have  such  an  example  of  geological  maps  on  a  con- 
venient scale  for  use,  and  maps  that  contain,  in  most  cases,  all 
the  details  that  are  ordinarily  desired. 

3.  Massive  Safflorite. — In  a  letter  to  the  Editors,  dated  May 
3d,  Mr.  L.  W.  McCay  states  that  to  avoid  misunderstanding  two 
incomplete  sentences  in  his  article  upon  massive  safflorite,  on  p. 
370  of  the  May  number,  should  read  as  follows :  "  He  further 
appears  to  doubt  the  accuracy  of  the  statement  which  appears  so 
often  in  Breithaupt's  Paragenesis  to  the  effect  that  speiskobalt 
and  safflorite  appear  together,  the  former  above  the  latter^  and 
suggests  it  as  well  to  examine  the  specimens  belonging  to  the 
Freiberg  collection  with  a  view  of  discovering  what  this  safflorite 
really  is.  The  specimens  from  Bieber,  Schneeberg,  Keinerzan 
and  Wittichen,  which  Sandberger  had  opportunity  to  examine, 
exhibited  no  indications  of  the  two  minerals  occurring  together 
CM  stated,^^  The  interpolations  requisite  for  a  proper  understand- 
ing are  in  italics. 

4.  TTie  ISanta  Catharina  Meteorite;  by  Orvillb  A.  Derby. 
— Subsequent  examination,  which  unfortunately  could  not  be 
communicated  to  this  Journal  in  time  to  prevent  the  publication 
of  the  note  in  the  January  number,  shows  that  the  observations 
there  recorded  were  based  on  errors  of  identification  of  the  ele- 
ments of  the  stony  crust  that  envelops  fragments  of  the  meteor- 
ite. This  crust  proves  to  be  due  to  the  cementation  to  the  iron 
of  the  elements  of  the  soil  and  disintegrated  rock  on  which  it 
rests,  but  so  altered  in  physical  aspect  and  chemical  composition 
that  with  the  imperfect  means  of  separation  then  at  command 
and  my  limited  experience  in  dealing  with  partially  altered  and 
reconstituted  rocks,  I  was  completely  deceived  regarding  its  true 
nature  and  relations  to  the  meteoric  mass. 
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III.   Miscellaneous  Scientific  Intelligence. 

1.  Concours  National  de  Compensation  de  Chronomhtres 
pour  les  tempiratures ;  by  G.  Cellbbies.  Geneva,  1886. — ^The 
competitioD,  the  resalts  of  which  are  discussed  in  this  volume  was 
initiated  bv  the  section  of  Horology  of  the  Society  of  Arts, 
Geneva,  ifi'ifty-four  pocket  and  seven  marine  chronometers  were 
in  the  competition,  and  an  uncompensated  marine  chronometer  was 
added  for  purposes  of  comparifion. 

It  is  well  known  that  a  chronometer  with  an  uncompensated 
balance  wheel  may  be  regulated  to  keep  time  for  any  one  given 
temperature.  With  a  compensated  balance  wheel  the  chronome- 
ter can  be  regulated  to  keep  correct  time  at  any  two  given 
temperatures.  But  experience  shows  that,  in  general,  the  chro- 
nometer thus  adjusted  will  not  keep  correct  time  at  other  temper- 
atures than  those  two.  Fifty  years  ago  Dent  expressed  this  by 
saying:  that  between  the  two  given  temperatures  the  chronom- 
eter gains  time,  that  above  the  higher  and  below  the  lower 
temperatures  the  chronometer  loses  time.  This  secondary  error 
of  compensation,  or  Denfs  inegtiaUty^  is  sometimes  expressed 
thus :  The  curve  whose  cU>scissas  are  the  temperatures  and  whose 
ordinates  are  the  corresponding  rates  is  a  parabola.  A  goodly 
number  of  mechanical  devices  have  been  tried,  at  large  expense 
of  time  and  money,  generally  with  indifferent  success,  for  the 
purpose  of  correcting  this  peculiar  irregularity^  Yet  strange  to 
say  the  present  investigation  is,  we  believe,  the  first  extensive 
one  for  ascertaining  the  facts  about  this  inequality.  It  gives  us 
a  large  number  of  observations.  M.  Gell^rier  has  obtained  from 
them  some  important  conclusions. 

Some  chronometers  had  steel  spiral  springs  and  some  had 
palladium.  The  whole  were  kept  at  a  temperature  as  near  to  5^ 
Centigrade  as  practicable  for  five  days,  then  in  like  manner  for 
successive  periods  of  five  days  each,  the  temperatures  were  10°, 
16**,  20°,  26°,  30°,  36°,  30°,  26%  20°,  16°,  10°,  6°,  36°;  that  is, 
fourteen  periods  in  all.  Between  each  two  periods  one  day  was 
omitted  to  allow  the  warm  box  and  the  time-pieces  to  assume 
throughout  the  new  temperature.  In  the  final  discussion  the  last 
period  was  discarded.     The  position  throughout  was  dial  up. 

In  the  competition  of  the  time-pieces  four  observed  elements 
were  considered :  the  average  daily  error,  the  average  difference 
of  rate  in  the  two  isothermal  periods,  the  average  error  per  degree 
in  the  correction  of  the  primary  inequality,  and  the  average 
secondary  error.  But  the  principal  scientific  interest  of  the  work 
consists  in  the  facts  and  discussions  about  the  secondary  inequality. 

The  pieces  that  had  palladium  springs  were  compared  with 
those  that  had  steel  springs,  with  the  following  results.  Upon 
plotting  the  curves  to  present  the  observed  secondary  error  those 
of  the  palladium  springs  had  no  really  typical  form.  They  were 
sinuous  and  of  varied  shapes  but  of  small  amplitude.  On  the 
other  hand  the  curves  for  the  steel  springs  were  much  more 
inclined  to  a  parabolic  form,  but  had  greater  amplitudes.  In 
short,  steel  springs  in  the  hands  of  a  good  adjuster  permit  us  to 
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know  by  a  simple  formula  the  rate  of  the  chronometer,  while 
palladium  springs  give  smaller  but  more  irregular  secondary 
errors.  The  average  of  the  secondary,  errors  for  palladium 
springs  was  about  70  per  cent  of  that  for  steel  springs.  Ifthese  five 
points  of  merit  be  taken  together,  viz :  regularity  of  daily  rate, 
identity  of  rate  in  isothermal  periods,  smallness  of  principal  error 
of  compensation,  smallness  of  secondary  error,  and  regularity  of 
secondary  error,  the  author  says  that  the  steel  and  the  palladium 
springs  stand  on  an  equality. 

The  mean  acceleration  for  the  first  seven  periods  differed  from 
that  of  the  last  seven.  The  curve  for  the  secondary  error  also 
differed  very  decidedly  in  the  two  periods.  In  general  it  ap- 
proached much  more  nearly  to  the  parabola  in  the  second  than 
m  the  first  half  of  the  time.  The  cause  of  this  is  supposed  to 
have  been  that  most  of  the  time-pieces  had  been  adjusted  only  a 
short  time  before  the  trial,  and  therefore  had  not  m  the  earlier 
periods  attained  such  regularity  of  action  as  in  the  later  periods. 

The  bulletins  of  daily  rate,  with  the  reductions,  are  given  in 
full,  and  the  various  curves  for  the  secondary  errors  are  presented 
in  the  plates.  These  curves  of  course  include  all  eiTors  of  obser- 
vation of  unknown  irregularities.  The  facts  developed  by  this 
competition  cannot  fail  to  throw  light  on  the  unknown  causes  of 
the  secondary  error.  n. 

[Copies  of  this  memoir  may  be  obtained  from  Mr.  Florend,  16 
Maiden  Lane,  New  York  City;  the  price  is  20  francs. — Eds.] 

2.  Annals  of  the  Astronomical  Observatory  of  Harvard 
CoUege;  vol.  xiv,  Pt.  IL — Observations  with  the  Meridian  Pho- 
tometer during  the  years  1879-1882,  by  Edwabd  C.  Pickering, 
Director,  aided  by  Arthur  Searle  and  Oliver  C.  Wendell,  Assis- 
tants in  the  Observatory,  pp.  327-512.  Cambridge,  1886. — The 
first  portion  of  this  important  work  on  Astronomical  Photometry, 
embracing  the  observations  with  the  Meridian  Photometer  at  the 
Harvard  Observatory,  is  contained  in  Part  I  of  volume  xiv,  and 
was  briefly  noticed  in  this  Journal  at  the  time  of  its  publication 
(xxviii,  319).  Part  TI,  now  issued,  contains  a  comparison  of  the 
results  of  the  Harvard  observations  with  the  catalogue  of  Ptolemy, 
with  those  of  both  Herschels,  and  with  all  the  modern  catalogues 
which  give  estimated  or  measured  magnitudes  of  stars.  The  Sus- 
pected Variables,  Discordant  Observations,  the  Distribution  of 
Stars,  and  Errors  of  Catalogues  are  subjects  of  separate  chapters. 

3.  Thunder  Storms, — The  New  England  Meteorological  Society 
has  issued  a  circular  containing  an  announcement  of  a  special 
subject  of  investigation  for  the  summer  of  1 886,  with  advice, 
which  will  be  sent  to  all  desiring  it  on  addressing  Professor  W. 
M.  Davis,  Secretary  of  the  society,  Cambridge,  Mass.,  together 
with  instructions  and  blanks  for  records.  The  council  of  the 
society  asks  tlie  assistance  of  members  and  observers,  and  of  all  per- 
sons interested  in  this  investigation,  not  only  in  keeping  records  but 
particularly  in  extending  the  observers  in  their  neighborhood. 

4.  Van  JSemmelen, — In  the  last  number  of  this  Journal,  on  page 
422,  Van  Beneden  is  a  typographical  error  for  Van  Bemmelen. 
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